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FOREWORD 

This f i n a l  r e p o r t  on the Buoyant Venus S t a t i o n  F e a s i b i l i t y  
S t u d y  i s  s u b m i t t e d  by t h e  Mar t in  M a r i e t t a  C o r p o r a t i o n ,  Denver 
D i v i s i o n ,  i n  a c c o r d a n c e  wi th  C o n t r a c t  NAS 1-6607.  

The r e p o r t  i s  s u b m i t t e d  i n  six volumes a s  f o l l o w s :  
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Volume 111 - I n s t r u m e n t a t i o n  S t u d y  ; 

Volume IV - Communication and Power; 

Volume V - T e c h n i c a l  A n a l y s i s  o f  a 200- lb  BVS; 

Volume V I  - T e c h n i c a l  A n a l y s i s  of a 2000- and 5000- lb  
Bvs. 
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FINAL REPORT 

BUOYANT VENUS STATION FEASIBILITY STUDY 

VOLUME I1 - MODE MOBILITY STUDIES 

By R .  E .  Frank and J .  F.  B a x t e r  
M a r t i n  M a r i e t t a  C o r p o r a t i o n  

hlODE hlOBILlTI’ STC’DIES - TASK 4.1 

The contractor shall determine and inves t iga te  the mobil i ty  param- 
eters  for various station mission modes  in the  prescribed ranges of t h e  
Venusian atmosphere including both the dark and light s ide  of the  planet. 
The m i s s i o n  modes invest igated shall include as  a minimum s ingle ,  
multiple, and platform station modes. For  each mode the contractor shall 
inves t iga te  z3arious methods of obtaining vertical mobil i ty  o f  the station. 

SUMMARY 

F i v e  deployment  methods a re  d e f i n e d  f o r  a buoyant  s t a t i o n .  
The deployment  sequence  begins  w i t h  s u b s o n i c  c o n d i t i o n s  i n  a l l  
t h r e e  model a tmosphe res .  A l l  of t h e  methods d e f i n e d  u s e  a para- 
c h u t e  ( e i t h e r  a two-pa rachu te  method w i t h  a d rogue  p a r a c h u t e  o r  
a s i n g l e  p a r a c h u t e )  t o  produce low dynamic p r e s s u r e  c o n d i t i o n s  
f o r  t h e  i n f l a t i o n  of t h e  b a l l o o n .  Four  of  t h e  methods s h e d  t h e  
p a r a c h u t e  d u r i n g  i n f l a t i o n  o r  when t h e  b a l l o o n  i s  f u l l y  i n f l a t e d .  
One method,  i n t e g r a l  p a r a b a l l o o n  s y s t e m ,  u s e s  t h e  p a r a c h u t e  as t h e  
s t r u c t u r a l  member of  t h e  ba l loon  and r e t a i n s  t h e  p a r a c h u t e  t h r o u g h -  
o u t  t h e  m i s s i o n .  A l l  methods drop  t h e  i n f l a t i o n  g a s  t a n k a g e  i m -  
m e d i a t e l y  upon c o m p l e t i n g  b a l l o o n  i n f l a t i o n .  

A l t i t u d e  c y c l i n g  i s  f e a s i b l e  f o r  s t a t i o n s  i n  t h e  2000- lb  c l a s s ,  
b u t  i s  n o t  f e a s i b l e  f o r  a 200- lb  c l a s s  s t a t i o n .  Two methods of 
c y c l i n g  a p p e a r  p romis ing  f o r  per forming  t h r e e  comple t e  c y c l e s  t o  
a minimum a l t i t u d e  of  10 km from a n  e q u i l i b r i u m  a l t i t u d e  above 
50 km i n  t h e  mean d e n s i t y  model a tmosphe re .  These  two methods 
a r e  g a s  dump and makeup and gas dump and b a l l a s t  d r o p .  Three  cy -  
c l e s  c a n  be per formed f o r  approx ima te ly  60% of t h e  i n i t i a l  s u s -  
pended mass of  t h e  s t a t i o n .  The b a l l a s t  c a n  be i n  t h e  form of  
d rop  s o n d e s .  



A t h i r d  method of c y c l i n g ,  pumping and dumping a t m o s p h e r i c  
g a s e s  i n t o  a b a l l o o n e t t e ,  i s  f e a s i b l e  b u t  r e q u i r e s  a r e c e i v e r  of 
more than 2000 cu f t  f o r  a 2000- lb  s t a t i o n .  T h i s  method a l l o w s  
f o r  a l a r g e  number of c y c l e s  and would be l i m i t e d  o n l y  by t h e  
power a v a i l a b l e  f o r  t h e  compresso r .  

The deployment of a s t a t i o n  i s  e s p e c i a l l y  c r i t i c a l  based  on 
b a l l o o n  i n d u s t r y  e x p e r i e n c e  from a i r - d e p l o y e d  s y s t e m s .  I n i t i a l  
deployment c o n d i t i o n s  assumed f o r  t h i s  s t u d y  were s u b s o n i c  v e l o c -  
i t y  (M = 0 .90)  and a v e r t i c a l  f l i g h t p a t h  a n g l e  f o r  a l l  t h r e e  
model atmospheres a t  an a l t i t u d e  of 70 km. A p a r a c h u t e  was de -  
p loyed  b e f o r e  b a l l o o n  deployment w i t h  t h e  p a r a c h u t e  s i z e d  t o  ob- 
t a i n  a low dynamic p r e s s u r e  of a p p r o x i m a t e l y  1 . 0  l b / s q  f t  f o r  b a l -  
l o o n  deployment.  T y p i c a l  p a r a c h u t e  s n a t c h  f o r c e s  and open ing  shock  
l o a d s  of 7 7  200 and 7 3  200 l b ,  r e s p e c t i v e l y ,  were e s t a b l i s h e d  w i t h  
t h e  2000-lb class s t a t i o n .  

I t  was de te rmined  t h a t  i f  t h e  b a l l o o n  r e a c h e d  a l t i t u d e s  below 
e q u i l i b r i u m  a l t i t u d e  i t  must be i n f l a t e d  t o  produce s u f f i c i e n t  
buoyancy t o  r e v e r s e  t h e  downward v e l o c i t y  o f  t h e  s t a t i o n  and 
a l l o w  i t  t o  ascend t o  t h e  e q u i l i b r i u m  a l t i t u d e .  T h i s  r e s u l t e d  i n  
approx ima te ly  a 10% g a s  p e n a l t y  by w e i g h t .  The e x c e s s  gas had t o  
be vented a s  t h e  s t a t i o n  ascended t o  m a i n t a i n   roper s u p e r p r e s s u r e  
1 i m i  t s . 

A su rvey  of government a g e n c i e s  and commercial  s r ipp l ie rs  of  
b a l l o o n  m a t e r i a l s  was performed by Raven I n d u s t r i e s ,  I n c o r p o r a t e d  
The c o n c l u s i o n s  of t h i s  s u r v e y  a r e :  

1) A m a t e r i a l  o r  compos i t e  e x i s t s  o r  i s  i n  development  
t h a t  would be u s a b l e  as a b a l l o o n  e n v e l o p e  f o r  ri huoy- 
a n t  s t a t i o n ;  

2 )  The most p r o m i s i n g  m a t e r i a l s  o f  t h o s e  s t u d i e d  a r e  
p o l y e s t e r  f i l m ,  p o l y b e n z i m i d a z o l e  (PBI) f i l m ,  and 
PBI f i b e r ;  

3 )  Material  p r o p e r t i e s  under  s i m u l a t e d  m i s s i o n  c o n d i t i o n s  
must be de t e rmined  t o  make t h e  f i n a l  s e l e c t i o n  of t h e  
m a t e r i a l  (s) f o r  t h i s  m i s s i o n ;  

'c) F a b r i c a t i o n  m a t e r i a l s  and t e c h n i q u e s  c o m p a t i b l e  w i t h  
end use  o €  t h e  b a l l o o n  must be d e v e l o p e d .  

Three i n f l a t i o n  g a s e s  s h o u l d  be c o n s i d e r e d  f o r  t h i s  m i s s i o n  
- -  hydrogen, he l ium,  and decomposed h y d r a z i n e .  Hydrogen i s  t h e  
l i g h t e s t  system and produces t h e  g r e a t e s t  s u p p o r t e d  pay load .  I t  
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i s  f o l l o w e d  by h y d r a z i n e  and he l ium i n  t h a t  o r d e r .  Hydrogen c a n  
be t r a n s p o r t e d  as e i t h e r  a c ryogen ic  l i q u i d  o r  h i g h - p r e s s u r e  g a s .  
Hydraz ine  l i q u i d  i s  decomposed w i t h  a spon taneous  c a t a l y s t  i n t o  
hydrogen ,  n i t r o g e n ,  and t r a c e  amounts of  ammonia. To produce  a 
c o m p a t i b l e  i n f l a t i o n  temperature  ( 2 7 5 ' )  a m i x t u r e  of 24% by we igh t  
of ammonia h a s  t o  be added t o  t h e  decomposed h y d r a z i n e  g a s  produc-  
i n g  a n  ave rage  m o l e c u l a r  weight  of 1 2 . 6 .  

INTRODUCTION 

The mode m o b i l i t y  t a s k  a t t e m p t s  t o  answer c e r t a i n  q u e s t i o n s  
p e r t i n e n t  t o  a buoyant  Venus s t a t i o n  (BVS): 

1) I s  i t  f e a s i b l e  t o  d e p l o y  a buoyant  s t a t i o n  i n  t h e  
Venus a tmsophere  a s  d e f i n e d  by t h e  t h r e e  models  of  
NASA SP-3016? 

2) I s  i t  f e a s i b l e  t o  v e r t i c a l l y  c y c l e  ( a l t i t u d e - c y c l e )  
a s t a t i o n  i n  t h e  a tmosphere?  

3) What are t h e  m a t e r i a l  r e q u i r e m e n t s  f o r  t h e  i n f l a t e d  
d e v i c e  of t h i s  s t a t i o n  and i s  such  a m a t e r i a l  p r e s e n t -  
l y  a v a i l a b l e ?  

4 )  \.!hat i n f l a t i o n  gas o r  g a s e s  s h o u l d  be c o n s i d e r e d  and 
how shou ld  t h e y  be t r a n s p o r t e d ?  

5) What problems a r e  a s s o c i a t e d  w i t h  t h e  i n f l a t a b l e  de -  
v i c e  f o r  t h i s  s t a t i o n ?  

T h i s  t a s k  was accomplished by pe r fo rming  t h e  f o l l o w i n g  s t u d i e s :  

1) B a l l o o n  m a t e r i a l  r equ i r emen t s  - T h i s  e x e r c i s e  d e l i n -  
e a t e d  t h e  n a t u r a l  and induced  env i ronmen t s  t h a t  t h e  
ma te r i a l  may be r e q u i r e d  t o  s u r v i v e  from assembly  
th rough  t h e  a tmospher ic  m i s s i o n  above Venus; 

2)  Ba l loon  m a t e r i a l  su rvey  - Government a g e n c i e s  and com- 
m e r c i a l  s u p p l i e r s  of f i l m s ,  f a b r i c s ,  and f i b e r s  were 
su rveyed  t o  de te rmine  c a n d i d a t e  m a t e r i a l s  f o r  t h i s  
t y p e  of  m i s s i o n ;  

3) BVS deployment  concep t s  - S e v e r a l  c o n c e p t s  f o r  dep loy-  
ment of a buoyant  s t a t i o n  were d e f i n e d ,  p r i m a r i l y  
based  on proven o r  t r i e d  t e c h n i q u e s  f o r  a i r  d r o p s ;  
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I n f l a t i o n  g a s  a n a l y s i s  - An i n v e s t i g a t i o n  t o  d e t e r m i n e  
t h e  b e t t e r  g a s e s  f o r  buoyancy and t h e  v a r i o u s  methods 
of  t r a n s p o r t i n g  t h e  g a s e s  t o  Venus; 

Development of computer  program f o r  deployment  of a BVS - 
A m a t h e m a t i c a l  model was f o r m u l a t e d ,  and two computer  
programs were d e r i v e d  from t h e  model .  

Development of  computer  program f o r  a l t i t u d e - c y c l i n g  
a BVS - A m a t h e m a t i c a l  model was f o r m u l a t e d ,  and f o u r  
computer  programs were produced  t o  i n v e s t i g a t e  f o u r  
methods of c y c l i n g  t h e  s t a t i o n ;  

Deployment and a l t i t u d e - c y c l i n g  s t u d i e s  - T h i s  e f f o r t  
employed t h e  computer  programs men t ioned  above t o  i n -  
v e s t i g a t e  t h e  p e r t i n e n t  p a r a m e t e r s  a s s o c i a t e d  w i t h  
t h e s e  two m i s s i o n  p h a s e s .  

SYMBOLS 

2 
a r e a  of  u n i n f l a t e d  p a r a c h u t e ,  m 

r a t i o  of a v e r a g e  d e n s i t y  of  a tmosphere  a d j a c e n t  t o  b a l -  
l o o n  t o  a v e r a g e  d e n s i t y  of c o n t a i n e d  g a s  

b a l l a s t  d r o p ,  I 

buoyant  Venus s t a t i o n ,  d i m e n s i o n l e s s  

d r a g  c o e f f i c i e n t  f o r  u n i n f l a t e d  p a r a c h u t e ,  d i m e n s i o n l e s s  

s p e c i f i c  h e a t ,  c o n s t a n t  p r e s s u r e ,  Btuf lb-OR 

s p e c i f i c  h e a t ,  c o n s t a n t  volume, Btuf lb-OR 

d i a m e t e r  of  b a l l o o n ,  m 

buoyant  f o r c e ,  n 

m a n u f a c t u r i n g  f s c t o r  t o  accoun t  f o r  weld  e f f i c i e n c i e s ,  
m a t e r i a l  t o l e r a n c e s ,  e t c ,  d i m e n s i o n l e s s  

s a f e t y  f a c t o r  based  on u l t i m a t e  s t r e n g t h  of m a t e r i a l ,  
d i m e n s i o n l e s s  
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s n a t c h  f o r c e ,  n 

shape  f a c t o r ,  d i m e n s i o n l e s s  

u l l a g e  volume f a c t o r ,  d i m e n s i o n l e s s  

l o c a l  a c c e l e r a t i o n  of g r a v i t y ,  m/sec  

o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t ,  B t u l h r - f t  -OF 

c o n v e c t i v e  h e a t  t r a n s f e r  c o e f f i c i e n t  , B t u / h r - f t 2 - " F  

h e a t  t r a n s f e r  c o e f f i c i e n t ,  b a l l o o n  f i l m  t o  ambient  

h e a t  t r a n s f e r  c o e f f i c i e n t ,  b a l l o o n  gas t o  f i l m  

c o n v e r s i o n  f a c t o r ,  k g / l b  

s t r e n g t h  t o  we igh t  r a t i o ,  l b f / i n . / o z / y d  

therma 1 c o n d u c t i v i t y  , B t u l h r  - f  t - O F  

s u s p e n s i o n  l i n e  l e n g t h ,  m 

3 s t a t i c  l i f t  of g a s ,  kg/m 

m o l e c u l a r  weight  of a tmosphe re ,  !cg/kg-mole 

b a l l o o n  mass, kg 

g a s  m o l e c u l a r  we igh t ,  kg/kg-mole 

g a s  mass,  kg 

i n i t i a l  mass of g a s  sys t em,  kg 

g r o s s  l i f t  mass ,  kg 

mass of f o l d e d  pa rachu te ,  kg 

mass of d e c e l e r a t o r  sys tem,  kg 

suspended  mass,  kg 

t a n k  mass, kg 

e l o n g a t i o n  of suspens ion  l i n e ,  d i m e n s i o n l e s s  

o p e r a t i n g  t e m p e r a t u r e  r a n g e ,  O K  

ambient  p r e s s u r e ,  mb 

2 
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m 
2 
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opening  shock  
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t i m e  
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s p e c i f i c  volume of  t h e  g a s ,  m / k g  

r e l a t i v e  v e l o c i t y  between s t a t i o n  and p a r a c h u t e ,  m/sec  

we igh t  of gas r e q u i r e d ,  l b  

3 

3 

m 



X 

Z 

AT 

E 

e 

empirical factor 

compress ibil it y fact or 

se1sr absorptivityjinfrared emissivity 

superpressure, mb 

temperature difference, "F 

emissivity, dimensionless 

(buoyancy - weight) /weight 

atmospheric gas density, kg/m 

gas density, kg/m 

density of liquid, lb /cu in. 

density of tank material, lb/cu in. 

Stephen-Baltzmann constant; superpressure of balloon, % 

3 

3 

m 

7 



SYSTEM CONCEPTS 

F i v e  deployment methods a r e  d e f i n e d .  The deployment  sequence  
b e g i n s  wi th  s u b s o n i c  c o n d i t i o n s  f o r  a l l  t h r e e  a t m o s p h e r e s .  Four  
a l t i t u d e  c y c l i n g  methods a r e  d e s c r i b e d .  These  a r e  g a s  dump and 
makeup, gas dump and b a l l a s t  d rop ,  and pumping and dumping atmos-  
p h e r i c  gases  and h e a t  c y c l i n g .  

Deployment Methods 

F i v e  methods of d e p l o y i n g  t h e  buoyant  s t a t i o n  a r e :  

1) Ba l loon /  pay1 oad-  apex mounted sys tem ; 

2 )  Ba l loon-apex  mounted sys t em;  

3) 

G) Iritcgx-31 parab ' i l loon s y s t e m ;  

5) S e p a r d b l e  p a r a b a l l o o n  sys t em.  

Bal l o o n / p  nyl  oad-  s u s  pended s ys  t em ; 

The b a s i c  o p e r a t i o n  and sequence  o f  each  method i s  d e s c r i b e d  
i n  t h e  f o l l o w i n g  p a r a g r a p h s .  

Ba l loon /pay load-apex  mounted sys t em.  - I n  t h i s  c o n f i g u r a t i o n ,  
shown i n  f i g u r e  1, t h e  b a l l o o n  and pay load  a r e  l o c a t e d  a t  t h e  apex  
o f  t h e  main p a r a c h u t e .  Suppor t  hardware  i n c l u d i n g  i n i t i a l  i n f l a -  
t i o n  gas t ankage  and c o n t r o l s  a r e  suspended  from t h e  main p a r a c h u t e .  

T h e  d rogue  p a r a c h u t e  i s  used i n  t h e  deployment  o f  t h e  main p a r a -  
c h u t e .  It  s e r v e s  b o t h  t o  e x t e n d  t h e  main  p a r a c h u t e  and a s s i s t  i n  
s u p p o r t  o f  t h e  l o a d  a t  t h e  apex .  A f t e r  t h e  main  p a r a c h u t e  h a s  
reached  t e r m i n a l  v e l o c i t y ,  t h e  b a l l o o n  i s  r e l e a s e d  from i t s  con-  
t a i n e r  and t h e  d rogue  i s  t h e n  used  t o  e x t r a c t  t h e  b a l l o o n  from i t s  
c o n t a i n e r  and e x t e n d  i t .  A f t e r  i n f l a t i o n  i s  comple ted  t h e  b a l l o o n -  
suppor t ed  payload  i s  s e p a r a t e d  from t h e  p a r a c h u t e  and t h e  buoyant  
sys tem i s  f r e e  t o  s e e k  i t s  e q u i l i b r i u m  a l t i t u d e .  The t a n k a g e  and 
pa rachu te  descend t o  t h e  s u r f a c e .  

T h i s  c o n f i g u r a t i o n  r e p r e s e n t s  t h e  method commonly used  f o r  a i r  
d r o p s  on e a r t h .  The r a t i o  of  suspended  we igh t  on t h e  main p a r a -  
c h u t e  t o  we igh t  a t  t h e  apex i s  an i m p o r t a n t  c o n s i d e r a t i o n .  With 
a s s i s t a n c e  g a i n e d  from t h e  drogue  p a r a c h u t e ,  sys t ems  have  been 
s u c c e s s f u l l y  deployed  w i t h  a r a t i o  of  suspended  we igh t  t o  apex 
weight  of  a p p r o x i m a t e l y  2 . 5  t o  1. 



Bal loon-apex  mounted system. - T h i s  s y s t e m ,  shown i n  f i g u r e  
2 ,  i s  s i m i l a r  t o  t h e  prev ious  sys tem e x c e p t  t h a t  t h e  payload  i s  
suspended from t h e  p a r a c h u t e  a l o n g  w i t h  t h e  hillonn s u p p o r t  h a r d -  
w a r e .  The use  of t h e  drogue  p a r a c h u t e  and t h e  b a l l o o n - i n f l a t i o n  
sequence  remain t h e  same. 

V a r i a t i o n s  i n  s e p a r a t i o n  c a n  be c o n s i d e r e d .  The main para- 
c h u t e  c a n  be r e t a i n e d  w i t h  the buoyancy sys tem w i t h  s e p a r a t i o n  of 
o n l y  t h e  s u p p o r t  hardware o r  t h e  e n t i r e  p a r a c h u t e  c a n  be s e p a r a t e d .  
The p o s s i b i l i t y  e x i s t s  of i n i t i a l l y  r e t a i n i n g  t h e  p a r a c h u t e  f o r  
r e l e a s e  a t  a l a t e r  t i m e  c a r r y i n g  a s c i e n t i f i c  p a y l o a d  t o  t h e  p l a n e t  
s u r f  a c e .  

Balloon/payload-suspended s y s t e m .  - F i g u r e  3 i l l u s t r a t e s  t h i s  
c o n f i g u r a t i o n  i n  which t h e  b a l l o o n  i s  deployed  and e x t e n d e d  below 
t h e  main p a r a c h u t e .  Suspended from t h e  b a l l o o n ,  i n  a d d i t i o n  t o  
t h e  payload ,  i s  t h e  r e q u i r e d  s u p p o r t  h a r d w a r e .  A f t e r  i n f l a t i o n  
i s  comple ted  t h e  s u p p o r t  hardware and p a r a c h u t e  a re  r e l e a s e d .  

Again,  v a r i a t i o n s  i n  c o n f i g u r a t i o n  e x i s t  such  as t h e  p o s s i b i l -  
i t y  of i n f l a t i n g  t h e  b a l l o o n  w i t h i n  t h e  p a r a c h u t e  canopy.  

I n t e g r a l  p a r a b a l l o o n  system. - I n  t h e  a p p r o a c h  shown i n  f i g u r e  
4 ,  t h e  f i n a l  d e c e l e r a t o r  c o n s i s t s  of  a m o d i f i e d  h o t  - a i r  b a l l o o n ,  
PARAVULCOON, t h a t  becomes t h e  buoyant  b a l l o o n .  The b a l l o o n  would 
i n i t i a l l y  be i n f l a t e d  w i t h  a t m o s p h e r i c  p s e s  by a s c o o p  a r r a n g e -  
ment.  Once t h e  s y s t e m  i s  s t a b i l i z e d ,  a l i n e r  ( g a s  b a r r i e r )  would 
be deployed  and i n f l a t e d  w i t h i n  t h e  p a r a b a l l o o n .  A s  t h e  l i n e r  i s  
i n f l a t e d  t h e  a t m o s p h e r i c  gases  i n  t h e  p a r a b a l l o o n  a r e  e x h a u s t e d  
t h r o u g h  t h e  porous m a t e r i a l  o r  a v a l v e  a r r a n g e m e n t .  The l i n e r  
w i l l ,  when f u l l y  i n f l a t e d ,  s e r v e  as  t h e  gas  b a r r i e r  w h i l e  t h e  p a r a -  
b a l l o o n  s e r v e s  a s  t h e  s t r u c t u r e a l  member. S u p p o r t  and  i n f l a t i o n  
hardware w i l l  t h e n  be r e l e a s e d .  

S e p a r a b l e  p a r a b a l l o o n  system. - T h i s  s y s t e m ,  shown i n  f i g u r e  
5 ,  r e p r e s e n t s  a v a r i a t i o n  on t h e  p r e v i o u s  s y s t e m .  I n  t h i s  s y s t e m ,  
t h e  p a r a b a l l o o n  s e r v e s  as t h e  f i n a l  d e c e l e r a t o r  and t h e n  p r o v i d e s  
a q u i e s c e n t  envi ronment  i n  which t o  i n f l a t e  t h e  b a l l o o n .  Once t h e  
i n f l a t i o n  i s  comple te  t h e  b a l l o o n  and payload  are r e l e a s e d  t o  s e e k  
e q u i l i b r i u m  a l t i t u d e .  

9 



C y c l i c  Methods 

Four  methods of a l t i t u d e  c y c l i n g  a buoyant  s t a t i o n  a r e  shown 
i n  f i g u r e s  6 t h r u  9 .  

Gas r e l e a s e  and makeup. - T h i s  method c o n s i s t s  of dumping a 
s u f f i c i e n t  amount of i n f l a t i o n  g a s  t o  c r e a t e  a n o n e q u i l i b r i u m  con-  
d i t i o n .  For t h e  s u p e r p r e s s u r e  b a l l o o n ,  t h i s  would c o n s i s t  of dump- 
i n g  g a s  u n t i l  t h e  b a l l o o n  i s  i n  p r e s s u r e  e q u i l i b r i u m  w i t h  t h e  a t -  
mosphere.  The s t a t i o n  will t h e n  descend a t  a r a t e  dependent  on 
t h e  h e a t  t r a n s f e r  c h a r a c t e r i s t i c s  of  t h e  b a l l o o n  and c o n t a i n e d  g a s .  
Once t h e  d e s i r e d  minimum a l t i t u d e  i s  r e a c h e d ,  t h e  c y c l e  g a s  s u p p l y  
i s  a c t i v a t e d  and t h e  b a l l o o n  r e i n f l a t e d .  T h i s  c r e a t e s  s u f f i c i e n t  
l i f t  t o  cause  t h e  s t a t i o n  t o  a scend  t o  i t s  new e q u i l i b r i u m  a l t i -  
t u d e .  I f  empty and n o t  r e q u i r e d  f o r  f u r t h e r  c y c l i n g ,  t h e  c y c l i c  
g a s  supply  t ankage  may be e j e c t e d .  

Gas r e l e a s e  and hc i l lL i s t  d r o p .  - Tlie  g a s  r e l e a s e  sequence  i s  
i d e n t i c a l  t o  t h a t  o f  t h e  p r e v i o u s  method.  Once t h e  s t a t i o n  r e a c h e s  
i t s  minimum des i r ed  n l t i tL ide ,  mech2nic;l l  b , l l l a s t  i s  r e l e a s e d ,  a l -  
lowing  t h e  s t a t i o n  Lo ascend  t o  i t s  new c q u i l i b r i u m  a l t i t u d e .  The 
mechanical  b , i l l a s t  may c o n s i s t  of c~ drop  sondt. o r  o t h e r  i n s t rumen-  
t a t i o n  package.  T h i s  c y c l e  mciy hc r e p e a t e d  more t h a n  once .  

Pump and dump a tmospher i c  g a s e s .  - T h i s  method u s e s  a mechan- 
i c a l  pumping  s y s t e m  i n  c o n j u n c t i o n  w i t h  a b a l l o n e t  o r  o t h e r  reser-  
v o i r  t o  rece ive  and expel  t h e  pumped a t m o s p h e r i c  g a s e s .  

The p r imary  b , i l l oon  f o r  t h i s  concc>pt does n o t  e x p e l  i t s  g a s .  
The b a l l o n e t  may be e x t e r n a l  t o  t h e  pr imary  b a l l o o n  ( a s  shown) 
i n  f i g .  3 )  o r  c o n t ~ i n e d  w i t h i n  t h e  p r imary  b a l l o o n .  The p r i n c i -  
p l e  involved  i s  s imply  t o  add b a l l a s t ,  i n  t h e  form of  h i g h - p r e s -  
s u r e  a tmospher ic  g a s e s ,  and t o  dump t h e  b a l l a s t  when t h e  minimum 
d e s i r e d  a l t i t u d e  i s  r e a c h e d .  T h i s  sys tem w i l l  c o n t i n u e  t o  r e t u r n  
t o  i t s  o r i g i n a l  e q u i l i b r i u m  a l t i t u d e  and may be c y c l e d  a s  o f t e n  
as  d e s i r e d .  

Heat c y c l i n g .  T h i s  method employs a h e a t  s o u r c e ,  such  as an 
i s o t o p e ,  t h a t  can  be s e l e c t i v e l y  used  t o  h e a t  o r  n o t  h e a t  t h e  b a l -  
l o o n  g ~ s e s .  The s t a t i o n  would be m a i n t a i n e d  a t  e q u i l i b r i u m  a l t i -  
t u d e  by u s i n g  t h e  h e a t  s o u r c e  t o  h o l d  t h e  gas  t e m p e r a t u r e  a t  a 
v a l u e  c o n s i s t e n t  w i t h  e q u i l i b r i u m .  

The heat s o u r c e  i s  t h e n  swi t ched  o f f  by a method t h a t  a l l o w s  
t h e  liuoynnt g a s  t o  c o o l  and, t h e r e f o r e ,  r educe  i t s  t o t a l  volume. 



T h i s  produces  a n e t  f o r c e  downward and a l l o w s  t h e  s t a t i o n  t o  de -  
s cend  t o  t h e  d e s i r e d  minimum a l t i t u d e .  A t  t h i s  t ime ,  t h e  h e a t  
s o u r c e  i s  a g a i n  brought  i n  c o n t a c t  w i t h  t h e  buoyant  g a s ,  h e a t i n g  
i t  and c r e a t i n g  a l i f t  on t h e  s t a t i o n  t h a t  r e t u r n s  t h e  s t a t i o n  t o  
i t s  o r i g i n a l  a l t i t u d e .  

BALLOON GASES 

F ive  g a s e s  were  ana lyzed  - -  hydrogen ,  he l ium,  decomposed hy -  
d r a z i n e ,  ammonia, and methane.  Three  methods of t r a n s p o r t i n g  and 
g e n e r a t i n g  t h e s e  g a s e s  were cons ide red  - -  h i g h - p r e s s u r e  g a s  s t o r -  
a g e ,  l i q u i d ,  and c r y o g e n i c  l i q u i d .  

For  t h e  200- lb  c l a s s  s t a t i o n ,  hydrogen ,  t r a n s p o r t e d  a s  a h i g h -  
p r e s s u r e  g a s  produces  t h e  l a r g e s t  pay load ,  t h u s  t h e  h i g h e s t  e f f i -  
c i e n c y .  T h i s  i s  fo l lowed  by decomposed h y d r a z i n e  and he l ium.  

Hydrogen, t r a n s p o r t e d  as a c r y o g e n i c  f l u i d  produces  t h e  most 
e f f i c i e n t  g a s  sys tem f o r  t h e  l a r g e  (2000- lb)  s t a t i o n s .  T h i s  i s  
f o l l o w e d  by hydrogen t r a n s p o r t e d  a s  a g a s ,  decomposed h y d r a z i n e ,  
and he l ium i n  o r d e r  of d e c r e a s i n g  e f f i c i e n c y .  

Ammonia i s  n o t  a t t r a c t i v e  because  o f  t h e  h i g h  m o l e c u l a r  we igh t  
and n o t  h a v i n g  a spon taneous  c a t a l y s t  t o  d i s s o c i a t e  i t  t o  a low 
m o l e c u l a r  we igh t  g a s  m i x t u r e .  Methane h a s  a h i g h  m o l e c u l a r  we igh t  
and b o i l o f f  l o s s e s  d u r i n g  t r a n s i t  t h a t  make i t  v e r y  u n a t t r a c t i v e .  

Based on t h e  above r e a s o n s ,  o n l y  hydrogen  t r a n s p o r t e d  a s  a 
c ryogen  and g a s ,  decomposed h y d r a z i n e ,  and h e l i u m  s h o u l d  be f u r -  
t h e r  c o n s i d e r e d  f o r  t h i s  mi s s ion .  

Analys is  

For  t h e  case of  the nonextens i b l e  b a l l o o n ,  t h e  buoyant  - f o r c e  
e q u a t i o n  i s  

F B = m  * 

g 1) - m a  
6 

FB i s  t h e  buoyant  f o r c e ,  m i s  t h e  mass of t h e  g a s ,  g 
g 

where 

i s  t h e  l o c a l  a c c e l e r a t i o n  of g r a v i t y ,  B i s  t h e  r a t i o  of  t h e  a v e r -  
age  d e n s i t y  of t h e  a tmosphere  a d j a c e n t  t o  t h e  b a l l o o n  t o  t h e  a v e r -  
age d e n s i t y  of t h e  c o n t a i n e d  gas ,  
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and m ,  i s  t h e  g r o s s  l i f t  mass (mass a l o f t ) .  
h 

For the  s imple  c a s e  of s t a t i c  e q u i l i b r i u m ,  

F = O  B 

m (B - 1) = m -  ( 3 )  
g 

where m = V / V  Vb i s  t h e  volume of  t h e  b a l l o o n ,  and v i s  

t h e  s p e c i f i c  volume of t h e  g a s .  Assuming t h e  i n f l a t i o n  g a s  c a n  
be  d e s c r i b e d  by t h e  p e r f e c t  gas law,  

s b fi' g 

where R i s  t h e  u n i v e r s a l  g a s  c o n s t a n t ,  T , P , and M a r e  

t h e  g a s  bu lk  t e m p e r a t u r e ,  p r e s s u r e  and m o l e c u l a r  w e i g h t ,  r e s p e c -  
t i v e l y .  

s s g 

The c a p a b i l i t y  of  an i n f l a t i o n  gas can  be measured  by s e v e r a l  
means,  one b e i n g  t h e  l i f t  c a p a c i t y  of t h e  g a s .  L e t t i n g  t h e  s t a t i c  
l i f t  o f  t h e  gas, 

m 

t h e n  

B - 1  L = -  

g 
S V 

- 
RT T 



For t h e  s u p e r p r e s s u r e  b a l l o o n  sys t em,  t h e  b a l l o o n  i s  d e s i g n e d  f o r  
a maximum p r e s s u r e  d i f f e r e n t i a l .  When t h e  b u l k  t e m p e r a t u r e  of t h e  
ir,f?atii;ii  gas is e q u a l  Lv the  a v e r a g e  t e m p e r a t u r e  of t h e  s u r r o u n d -  

i n g  a tmosphe re ,  T = T  
g a’ t hen  p g = (1 + &)Pay where i s  

t h e  s u p e r p r e s s u r e  of t h e  b a l l o o n  i n  p e r c e n t .  T h e r e f o r e ,  s u b s t i t u t -  
i n g  t h e  above expressions i n t o  e q u a t i o n  ( 7 ) ,  

S i n c e  t h e  model a tmosphe res  of NASA SP-3016 a r e  d e f i n e d  i n  m i l l i -  
b a r s  of p r e s s u r e  and t e m p e r a t u r e s  i n  d e g r e e s  K e l v i n ,  i t  is b e s t  
t o  e x p r e s s  t h e  u n i v e r s a l  g a s  c o n s t a n t  R i n  u n i t s  o f  

3 mb * m 
Kgmole * O K  

3 T h i s  will produce  L i n  u n i t s  o f  kg/m . 
S 

3 
mb * m R = 53.2173 Kgmole . 

O K  

The s t a t i c  l i f t  c a p a b i l i t i e s  f o r  t h r e e  g a s e s  c o n s i d e r e d  a r e  shown 
i n  f i g u r e s  10 t h r u  1 2  f o r  the t h r e e  model a tmosphe res .  To d e t e r -  
mine t h e  d e n s l t y  of  t h e  g a s  w i t h i n  t h e  b a l l o o n  a t  any g i v e n  a l t i -  
t u d e ,  assuming t h e  gas  can  be d e f i n e d  by t h e  p e r f e c t  g a s  l a w ,  

P M  
-_g_e - 

’g RT 
g 

Now, f o r  any g iven  g a s ,  

= C o n s t a n t  
R 

s o  t h e  d e n s i t y  may be expres sed  by 

( 9 )  

P 
- - 2 - C o n s t a n t  

pg Tg 
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If we assume t e m p e r a t u r e  e q u i l i b r i u m  between t h e  gas  and t h e  a v e r -  
age  a tmospher ic  t e m p e r a t u r e  s u r r o u n d i n g  t h e  b a l l o o n ,  t h e  d e n s i t y  
c a n  be expres sed  a s  

No 

No 

Yes 

Yes 

No 

a 
P 

- _ .  - C o n s t a n t  % Ta 

Yes 

N o  

No 

No 

Yes 

where t h e  new c o n s t a n t  i n c l u d e s  t h e  s u p e r p r e s s u r e  f u n c t i o n .  

P M - 3 . x  I f -  
L -  Ta R ( la,> 

Gas d e n s i t y  as a f u n c t i o n  of a l t i t u d e  f o r  t h e  mean model a tmosphere  
i s  shown i n  f i g u r e  13.  

The gases  t h a t  were c o n s i d e r e d  f o r  b a l l o o n  i n f l a t i o n  f o r  t h i s  
m i s s i o n  a re  shown i n  t a b l e  1. Var ious  methods of t r a n s p o r t i n g  and 
g e n e r a t i n g  t h e  g a s e s  wert? c o n s i d e r e d .  

TABLE 1. - INFLATION GASES 

Gas 

Hydrogen 

He1 i u m  

Hydraz ine  

Ammonia 

Methane 

Method of t r m s p o r t  

H i g h - p r e s s u r e  
g 3s  

Yes 

Yes 

No 

No 

No 

Cryogen ic  
1 i q u i d  L i q u i d  

The f i n a l  s e l e c t i o n  of g a s  used  as w e l l  a s  t h e  method of t r a n s -  
p o r t i n g  and g e n e r a t i n g  depends on such  c r i t e r i a  as t h e  i n i t i a l  g a s  
sys tem mass r e q u i r e d  t o  produce  a g i v e n  amount of g a s  i n  t h e  b a l -  
l o o n .  The i n i t i a l  mass i s  s e l e c t e d  as t h e  c r i t e r i o n  a s  opposed t o  
g-15 system mass a t  t h e  t i m e  of deployment  because  c r y o g e n i c  g a s  
s t o r a g e  l o s s e s  d u r i n g  t r a n s i t  t o  Venus s h o u l d  be c o n s i d e r e d  t o  
t r u l y  a s s e s s  t h e  e f f i c i e n c y  of t h e  c r y o g e n i c  sys tem i n  compar ison  
t o  h i g h - p r e s s u r e  s t o r a g e  methods .  Also, t h e  c r y o g e n i c  t a n k a g e  
t i o u l t l  have t o  be s i z e d  t o  i n c l u d e  t r a n s i t  b o i l o f f .  



H i g h - p r e s s u r e  g a s  s t o r a g e  v e s s e l s  c a n  be  c a l c u l a t e d  i n  t h e  f o l -  
lowing  manner ,  assuming a s p h e r i c a l  t a n k  and nonoptimum c o n s i d e r a -  
r - 2  L~~~~~ S U C ~ I  a s  shape ,  manufac tu r ing ,  and s a f e t y  f a c t o r s .  

K P d V d p t  * F * F S ;  F 
S m m =  

t 'd 

where 

m = Mass of  t a n k ,  kg 

K = Conver s ion  f a c t o r ,  kg/lbm 

P = Design  p r e s s u r e ,  p s i a  

V = Design  volume, cu i n .  

t 

d 

d 

= D e n s i t y  of  t a n k  m a t e r i a l ,  l b / c u  i n .  
P t  

F = Shape f a c t o r ,  d imens ion le s s  

FS = F a c t o r  of  s a f e t y  based  on u l t i m a t e  s t r e n g t h  of mate- 

S 

r i a l  

F = Manufac tu r ing  f a c t o r  t o  a c c o u n t  f o r  weld e f f i c i e n c i e s ,  
m m a t e r i a l  t o l e r a n c e s ,  e t c  

Sd = Design  s t r e s s  l e v e l  of t a n k  m a t e r i a l ,  p s i  

Fo r  a s p h e r i c a l ,  t i t a n i u m  t ank ,  l e t t i n g :  

K = 0.4536 kg lb,, I 
P t  m I = 0.162 l b  c u  i n . ,  

F = 1 . 2 0 ,  

FS = 2 . 0 ,  

S 

F = 1 . 2 0 ,  

Sd = 155,000 p s i ,  

m 
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t h e n  

F o r  h i g h - p r e s s u r e  g a s  s t o r a g e  of  hydrogen  and h e l i u m  l e t  

pd = 4500 p s i a  

The r e s u l t s  of t h i s  a r e  p l o t t e d  i n  f i g u r e s  1 4  and 1 5  f o r  m 

v s  mass of g a s  (mg) f o r  hydrogen  and he l ium,  r e s p e c t i v e l y .  For 

h y d r a z i n e  and ammonia l e t :  

t 

Pd = 300 p s i a  

Id = weigh t  of  g a s  r e q u i r e d ,  lb m s 
= d e n s i t y  of l i q u i d ,  l b  c u  i n .  

De m I 
F = u l l a g e  volume f a c t o r  (15"L) 

U 

= 1 . 1 5  

Then , 

1 . 1 5  
m t = (1 .365  x (300) (o.036) 

-2 
m = 1 . 3 0 8  x 10 W f o r  h y d r a z i n e  

t g 

- 2  m = 2.140 x 10 W f o r  ammonia 
t g 

The r e s u l t s  a r e  p l o t t e d  i n  f i g u r e  16  f o r  m 
hydrn7 ine .  

v s  mass of  g a s  f o r  
t 



CRYOGENIC TANKAGE ANALYSIS 

This a n a l y s i s  is based cr, t!:c fo??o.w.ing a s s u m p t i o n s :  

1) L i q u i d  hydrogen  s t o r e d  a t  2 .0  atm; 

2) S p h e r i c a l ,  t i t a n i u m  t a n k  w i t h  a w a l l  t h i c k n e s s  of 0 . 2 5  
cm; 

3)  Tank i s  i n s u l a t e d  w i t h  m u l t i l a y e r  Mylar a l u m i n i z e d  on 
bo th  s i d e s ,  s e p a r a t e d  by n y l o n  n e t t i n g ;  

4 )  Tank envi ronment  o f  20°C  t h r o u g h o u t  145-day  t r a n s i t  
p e r i o d ;  

5) Heat  f l u x  th rough  t a n k  s u p p o r t s  of 1 2 6  c a l l h r ;  

6 )  P e n e t r a t i o n  h e a t  l e a k a g e  of 5% of t o t a l  h e a t  l e a k a g e ;  

7)  Thermal c o n d u c t i v i t y  f o r  t h e  i n s u l a t i o n  of 8 .28 x 10 -8  

c a l / s e c - c m -  O K  (2 x B t u / h r - f  t - OR). 

T h i s  c o n s e r v a t i v e  number i s  used t o  i n c l u d e  m a n u f a c t u r i n g  and as- 
sembly nonoptimum f a c t o r s .  

The t a n k  w a l l  t h i c k n e s s  i s  p r e d i c a t e d  on t h e  ex t r eme  l o a d s  ex -  
p e r i e n c e d  on e n t r y  i n t o  t h e  Venus a tmosphe re ;  t h i s  d e c e l e r a t i o n  i s  
on  t h c  o r d c r  of  200 t o  590 times t h e  a c c e l e r a t i o n  of g r a v i t y  on 
e a r t h  f o r  s e v e r a l  s e c o n d s .  

The r e s u l t s  of t h i s  a n a l y s i s  a r e  shown i n  f i g u r e s  1 7  and 18. 
To t r a n s p o r t  35 kg of l i q u i d  hydrogen  an i n i t i a l  mass of 2 1 2  kg of 
l i q u i d  and t a n k a g e  i s  r e q u i r e d .  

A method must be d e v i s e d  to v a p o r i z e  t h e  l i q u i d  f o r  b a l l o o n  
i n f l a t i o n .  T h i s  i n f l a t i o n  must t a k e  p l a c e  w i t h i n  a p e r i o d  of a 
few minu tes  t o  minimize  the undershoot  o f  t h e  b a l l o o n .  One method 
h a s  been  i n v e s t i g a t e d  f o r  v a p o r i z i n g  c r y o g e n i c  hydrogen :  A f i n n e d  
t u b e ,  c o u n t e r - f l o w - t y p e  h e a t  exchanger  w i t h  decomposed h y d r a z i n e  
a s  t h e  h e a t  s o u r c e .  

A 2000- lb  s t a t i o n  b a l l o o n  w i t h  6 mb s u p e r p r e s s u r e ,  and a n  e q u i -  
l i b r i u m  f l o a t a t i o n  a l t i t u d e  o f  57 km i n  t h e  mean d e n s i t y  a t m o s p h e r e  
r e q u i r e s  3 1 . 5  k g  of  hydrogen  a t  225°K. The f o l l o w i n g  a s s u m p t i o n s  
were made f o r  t h i s  a n a l y s i s :  
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1) 
2 )  Decomposed h y d r a z i n e  i n l e t  g a s  t e m p e r a t u r e  of 1145°K 

3 )  60% ammonia d i s s o c i a t i o n  i n  t h e  decomposed h y d r a z i n e  

4 )  Spontaneous  c a t a l y s t  used t o  decompose t h e  h y d r a z i n e  

5) F i n - t u b e - t y p e ,  two-phase ,  c o u n t e r - f l o w  h e a t  exchange r  

6) R e g u l a t e d ,  p r e s s u r e - f e d  h y d r a z i n e  sys t em w i t h  n i t r o g e n  

Requ i red  hydrogen  f low r a t e  o f  0 .1135 k g / s e c ;  

of m u l t i p l e  p a s s  d e s i g n ;  

' p r e s s u r i z a t i o n .  

The r e s u l t s  of  t h i s  a n a l y s i s  i n d i c a t e s  t h a t  a t h r e e - p a s s  h e a t  
exchanger  weighing  approx ima te ly  60 kg  r e q u i r e s  a f low r a t e  of 
0 .159  kg/sec  of  h y d r a z i n e .  T h i s  r e s u l t s  i n  a h y d r a z i n e  s t o r a g e ,  
c o n t r o l  and r e a c t o r  subsys tem of a p p r o x i m a t e l y  6 1 . 5  kg  f o r  a t o t a l  
h e a t  source  and h e a t  exchanger  sys tem w e i g h t  of  121 .5  k g .  

This  a n a l y s i s  i n d i c a t e s  a t o t a l  g a s  p r o d u c t i o n  sys t em,  i n c l u d -  
i n g  c ryogen ic  s t o r a g e  and a method of v a p o r i z i n g  t h e  l i q u i d  f o r  a 
2000-lb s t a t i o n ,  of  334 k g .  

To c a l c u l a t e  gas sys tem e f r i c i e n c y  as a f u n c t i o n  of  i n i t i a l  
g a s  system m d s s  arid e q u i l i b r i u m  a l t i t u d e  t h e  f o l l o w i n g  s t e p s  a r e  
r e q u i r e d :  

1) From t h e  p l o t s  of  s t a t i c  l i f t  c a l c u l a t e  b a l l o o n  volume, 
as a f u n c t i o n  of  t h e  mass a l o f t ,  m . The r e -  

"b ' L 

s u l t s  of t h e s e  c a l c u l a t i o n s  a r e  shown i n  f i g u r e s  1 9  
t h r u  2 1 ;  

2 )  P l o t s  of g a s  d e n s i t y  v s  a l t i t u d e ,  a r e  u s r d  t,) ,:alcu- 
l a t e  t h e  mass of  t h e  g a s ,  m r e q u i r e d  as a f u n c t i o n  

of a l t i t u d e  and mass a l o f t .  The r e l a t i o n s h i p  of  m 
t o  m i s  shown i n  f i g u r e s  2 2  t h r u  2 4 ;  

g' 

g 
L 

3) Based upon t a n k  mass,  m r e q u i r e d  t o  t r a n s p o r t  t h e  
t '  

i n f l a t i o n  g a s  t o  Venus, t h e  i n i t i a l  mass of a g a s  sys- 
t e m ,  M , i s  c a l c u l a t e d  a s  a f u n c t i o n  of t h e  gas 

mass r e q u i r e d  t o  i n f l a t e  a balloon of  volume 

The M i s  t h e n  p l o t t e d  as a f u n c t i o n  of  m . These  

p l o t s  a r e  shown i n  f i g u r e s  2 5  t h r u  2 7 ;  

g s  
'b . 
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4 )  C o n s i d e r i n g  a t o t a l  undeployed s t a t i o n  mass of 908 kg,  
an m .  i s  s e l e c t e d  b a s e d  on 

i 

m = m  - m  - m  
L S P S  g s  

where m is the mass of t h e  d e c e l e r a t o r  sys tem.  

L e t t i n g  m = 48 kg f o r  a l l  c a s e s ,  m can  be d e -  
P S  6 

t e r m i n e d .  The mass l o f t e d  i s  t h e  sum of t h e  b a l l o o n  
mass and t h e  suspended mass 

P S  

m6 = mb + m 
s u s  

can  be d e s c r i b e d  
mb ' where t h e  mass of t h e  b a l l o o n ,  

by 

C 
m,, = - A€' Vb 

K1 

where A€' i s  t h e  amount of s u p e r p r e s s u r e  i n  m i l l i b a r s  
and Vb i s  t h e  b a l l o o n  volume i n  c u b i c  meters .  The 

c o n s t a n t s  a r e  

c = 318 

2 K1 = I b f / i n . / o z / y d  

The c o n s t a n t  K i s  t h e  s t r e n g t h  t o  w e i g h t  r a t i o  used 

t h r o u g h o u t  t h e  b a l l o o n  i n d u s t r y .  The r a n g e  of K r e -  
q u i r e d  f o r  t h i s  s t u d y  a p p e a r s  t o  be 7 t o  20 l b  / i n . /  

oz/yd2. 
t i c a l  t h i c k n e s s  of m a t e r i a l .  

1 

f 
C o n s i d e r a t i o n  h a s  t o  be g i v e n  t o  minimum prac- 

The a b o v e - g e n e r a t e d  d a t a ,  from s t e p s  1) t h r u  4 ) ,  a r e  c r o s s -  
p l o t t e d  o v e r  a r a n g e  of a l t i t u d e s  t h u s  d e r i v i n g  a p l o t  s i m i l a r  t o  
f i g u r e  2 8 .  

Gas sys tem volume r e q u i r e d  for h i g h - p r e s s u r e  g a s  s t o r a g e  i s  
a f u n c t i o n  of b o t h  g a s  tempera ture  and p r e s s u r e .  Hydrogen and 
h e l i u m  c a n  be e x p r e s s e d  a s  a p e r f e c t  g a s  m o d i f i e d  t o  i n c l u d e  a 
c o m p r e s s i b i l i t y  f a c t o r  Z :  

PV = ZRT 
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a t  4500-ps i a  s t o r a g e  p r e s s u r e  a t  293"K, 

Z = 1 .160  f o r  hydrogen  

Z = 1 . 1 4 5  f o r  he l ium 

F igures  2 9  and 30 i n d i c a t e  sys t em volume r e q u i r e m e n t s  f o r  t h e  
above two g a s e s .  Tankage volume r e q u i r e m e n t s  f o r  l i q u i d  h y d r a z i n e  
a r e  shown i n  f i g u r e  31 .  

The ba l loon  s i z e  v a r i e s  f o r  a g i v e n  m depend ing  on t h e  L 
S 

of  t h e  i n f l a t i o n  g a s .  T h i s  i s  shown i n  f i g u r e s  32 t h r u  34 .  

The amount of  s u p e r p r e s s u r e  must  be c l o s e l y  c o n t r o l l e d  s i n c e  
i t  I d i l l  d i r e c t l y  a f f e c t  tlie suspended  mass of t h e  s t a t i o n .  The 
s e n s i t i v i t y  of t h i s  e f f e c t  i s  shown i n  f i g u r e  3 5 .  

S i n c e  b a l l o o n  sys t ems  a r e  t o  some e x t e n t  pu ious  t o  t h e  i n f l a -  
t i o n  gases, d v e r n i e r  sys t em must bc c o n s i d e r e d  t o  o f f s e t  t h e  g a s  
l e a k a g e  f o r  t h e  l o n g - d u r a t i o n  m i s s i o n s  d e s i r e d .  

MATERIAL REQUIREMENTS 

A s i n p l i f i e d  a n a l y s i s  of  t h e  f i i n c t i o n s  of t h e  t o t a l  m i s s i o n  
and t h e  environment  s u r r o u n d i n g  each  f u n c t i o n  was per formed as r e -  
l a t e d  t o  d e f i n i n g  t h e  r e q u i r e d  c h a r a c t e r i s t i c s  of a " f a b r i c "  f o r  
i n f l a t a b l e  d e v i c e s  f o r  t h e  Venus m i s s i o n .  From t h i s ,  a t e n t a t i v e  
d e s c r i p t i o n  of t h e  d e s i r e d  per formance  c h a r a c t e r i s t i c s  € o r  b a l l o o n /  
d e c e l e r a t o r  m a t e r i a l  was d e v e l o p e d .  

F u n c t i o n a l  A n a l y s i s  

F igu res  36 t h r u  4 3  c o n s t i t u t e  a f i r s t  i n d e n t u r e  f u n c t i o n a l  
a n a l y s i s  of t h e  Venus m i s s i o n .  For  each  d iagram,  t h e  i m p o r t a n t  
env i ronmen ta l  f a c t o r s  a r e  i n d i c a t e d .  

Per formance  C h a r a c t e r i s t i c s  

The f u n c t i o n a l  a n a l y s i s  must be i n t e r p r e t e d  i n  terms of t h e  
performance r e q u i r e d  of  t h e  b a l l o o n  m a t e r i a l ,  t h e  envi ronment  under  
which  i t  must per form,  and t h e  t o t a l  h i s t o r y  of  envi ronment  t h a t  
t h e  m a t e r i a l  must w i t h s t a n d .  T a b l e  2 is a n  e x p r e s s i o n  of t h e s e  
r e q u i r e m e n t s .  



TABLE: 2 .  - MISSION PFRFORMANCE REOUIREMENT 

S t r e n g t h  

Perme ah i 1 i t  y 

RF t r a n s p a r e n c y  

C o n d u c t i v i t y  

Thermal c o n d u c t i v i t y  

I R  t r a n s m i s s i o n  

S t o r a g e  

F o l d  e n d u r a n c e  

Rad i a t  i o n  

S t e r i l  i z a t  i o n  

6 l b l i n .  a t  c o n t i n u o u s  t e m p e r a t u r e s  (194 t o  373'K) 

a n d  t r a n s i e n t  t e m p e r a t u r e  e x t r e m e s a  t h r u  

1 x IO- '  cc/cmi/sec/cm of  Hg f o r  a l l  t e m p e r a t u r e  

r a n g e s  a n d  g a s e s e  

T h e  m a t e r i a l  s h a l l  h e  RF t r a n s p a r e n t f  

The  m a t e r i a l  s h a l l  b e  c o n d u c t i v e  t o  e l e c t r i c i t y  

The  t h e r m a l  c o n d u c t i v i t y  m u s t  h e  knowng 

T h e  I R  t r a n s m i s s i o n  mus t  b e  knowng 

T h e  m a t e r i a l  s h a l l  h a v e  t h e  c a p a b i l i t y  o f  b e i n g  

p a c k e d  w i t h  a p a c k i n g  f a c t o r  o f  2.0' s t o r a g e  f o r  
18 m o n t h s  a t  t e m p e r a t u r e s  o f  110 t o  373°K w i l l  be 
r e q u i r e d  

T h e  m a t e r i a l  s h a l l  h a v e  t h e  c a p a b i l i t y  of  w i t h -  

s t a n d i n g  10,1100 c y c l e s  b e f o r e  f a i l u r e  ( c r a c k i n g )  

Mu.-t w i t h s t a n d  n o r m a l  d e e p  s p a c e  and  RTG r a d i a t i o n  

f o r  6 mon ths  w h i l e  i n  s t o r e d  c o n d i t i o n i  

Must m e e t  N A S A  s t e r i  I i z a t i o n  r e q u i r e m e n t s '  

h 

a T e m p e r a t u r e s  of 50°K may h e  e n c o u n t e r e d  i f  c r y o g e n i c  l i q u i d  t r a n s p o r t  i s  
u s e d .  T e m p e r a t u r e s  of l O 0 O ' K  may b e  e n c o u n t e r e d  i f  decomposed h y d r a z i n e  
i s  u s e d .  T h e s e  t e m p e r a t u r e 5  w i l l  h e  r e l a t i v e l y  s h o r t  ( t i m e  w i l l  b e  d e -  
t e r m i n e d ) .  T e m p e r a t u r e s  o f  6 7 5 ° K  w i l l  b e  r e a c h e d  t h r e e  t imes i n  c y c l e s  
f r o m  t h e  c o n t i n u o u s  t e m p e r a t u r e  r a n g e  t o  675'K and  b a c k  i n  a 2 0 - h r  p e r i o d  

2 '  o r  l e s s .  The t e n s i l e  s t r e n g t h  mus t  n o t  d e t e r i o r a t e  o n  e x p o s u r e  t o  C 0  
N 2 ,  N2H4, H2, and e i t h e r  He, H2, CH4. 01- NH 

3 '  

bThe b a l l o o n  w i l l  be Ip re s su re lvacuum p a c k e d  and  s t o r e d  f o r  1 2  mon ths  a t  
2 7 3  t o  373'K and s i x  m o n t h s  a t  110 t o  420'K. I t  w i l l  b e  e x p o s e d  t o  h a r d  
~:7ct~tim a n d  d i r e c t  s o l a r  r a d i a t i o n .  C o m p a t i b i l i t y  w i t h  e t h y l e n e  o x i d e  a t  
t h e  a b o v e  t e m p e r a t u r e s  i s  r e q u i r e d .  

' P r e s e n t  q t e r i l i y a t i o n  r e q u i r e m e n t s  a r e  408°K t e m p e r a t u r e s  f o r  1 6 . 2  h r  r e -  
p e a t e d  s i x  t i m e s  w h i l e  i n  a s t o r e d  c o n d i t i o n  e x p o s e d  t o  a n  e t h y l e n e  o x i d e  
, i t m o s p h c r e .  

dThe h a l l o o n  m u s t  w i t h s t a n d  i m p a c t  w i t h  10-11 i c e  c r y s t a l s  a t  a v e l o c i t y  o f  
100 f p s  f o r  up  t o  1 h r  i n  e i t h e r  a p a r t i a l l y  ( w h i l e  f l u t t e r i n g )  o r  f u l l y  
i n f l a t e d  c o n d i t i o n .  I m p a c t  o f  m i c r o m e t e o r o i d s ,  p e r  NASA SP-3016,  s h a l l  
a l s o  b e  w i t h s t o o d .  

e I n  v i ew o f  t h e  r e q u i r e d  s t r e n g t h  and  t e m p e r a t u r e s ,  t h e  g a s  h a r r i e r  may 
n o t  h e  t h e  s t r u c t u r a l  member.  The s t r u c t u r a l  member r e q u i r e d  by ( a )  may 
h e  a woven m e t a l  c l o t h  O K  o t h e r  s u c h  e x o t i c  m a t e r i a l .  The gas b a r r i e r  
w i l l  h e  r e q u i r e d  t o  m a i n t a i n  i t s  i m p e r m e a b i l i t y  t o  He, H2, CH4, o r  NH3 f o r  

t h e  t e m p e r a t u r e  r anges  l i s t e d  i n  ( a )  w h i l e  n o t  b e i n g  a t t a c k e d  b y  CO 
o r  H 2 '  N2H4' 

2 '  

fRF t r a n s p a r e n c y  r e q u i r e m e n t  w i l l  a p p e a r  o n l y  i f  a n t e n n a  d e s i g n  d i c t a t e s ,  
as an a l t e r n a t i v e ,  a c o n d u c t i n g  g r o u n d  p l a n e  m i g h t  h e  d e s i r e d .  

gTherma l  c o n d u c t i v i t y  a n d  I R  t r a n s m i s s i o n  m u s t  b e  known t o  p r e d i c t  b a l l o o r i  
 performance p a r m e t e r s .  M a t e r i a l s  t h a t  c h a n g e  c h a r a c t e r i s t i c s  w i t h  t i m e  
may n o t  be u s a b l e  b e c a u s e  o f  t h e i r  e f f e c t  on p e r f o r m a n c e .  

hThe m a t r r i a l  m u ~ t  w i t h s t a n d  m a n u f a c t u r i n g ,  h a n d l i n g ,  and  s t o r a g e  w i t h o u t  
f a t i g u e .  The most s e v e r e  r e q u i r e m e n t  w i l l  b e  t h e  f l u t t e r  e n c o u n t e r e d  i n  
t h e  dep1o)men t  and i n f l a t i o n  p h a s e s .  D u r i n g  t h e s e  p h a s e s  t r a n s i e n t  and 
c q u i l i h r i u m  t e m p e r a t u r e  c o n d i t i o n s  as l i s t e d  i n  ( a )  a n d  p o s s i b l e  h i g h - f r e -  
q u e n c y  v i b r a t i o n s  ( f l u t t e r )  w i l l  b e  e n c o u n t e r e d .  A c c e l e r a t i o n s  o f  300 g 
( e a r t h )  f o r  5 sec w i l l  h e  e n c o u n t e r e d  o n  Venus e n t r y  w h i l e  s t o r e d  a t  tern- 
p e r a t u r e s  of  110 t o  420'K. S a t u r n  V l a u n c h  e n v i r o n m e n t  w i l l  b e  e n c o u n t e r e d .  

'RTG r a d i a t i o n  w i l l  h e  maximum o f  3 r a d l h r .  
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MATERIAL SURVEY 

Government a g e n c i e s  and i n d u s t r i a l  s u p p l i e r s  were s u r v e y e d  by 
Raven I n d u s t r i e s ,  I n c o r p o r a t e d .  M e c h a n i c a l ,  t h e r m a l ,  e l e c t r i c a l ,  
and  chemica l  p r o p e r t i e s  of  some of t h e  more p r o m i s i n g  ma te r i a l s  
a r e  l i s t e d .  Only l i m i t e d  d a t a  a r e  a v a i l a b l e  on newly d e v e l o p e d  
f i b e r s  and f i l m s .  S e v e r a l  m a t e r i a l s  e x i s t  t h a t  a p p e a r  c o m p a t i b l e  
w i t h  t h i s  m i s s i o n .  However , f a b r i c a t i o n  o f  t h e s e  m a t e r i a l s  i n t o  
a b a l l o o n  i s  a n  unknown. Mylar  may be c o n s i d e r e d  f o r  t h e  n o n c y c l i c  
m i s s i o n .  

Ma t e r  i a  1 s Desc r i p  t i o n  

Tables  3 and  4 l i s t  some of  t h e  m e c h a n i c a l ,  t h e r m a l ,  e l e c t r i -  
c a l  and  chemica l  p r o p e r t i e s  of  b a r r i e r  and  f i b e r s ,  r e s p e c t i v e l y .  
The m a t e r i a l s  t h a t  a p p e a r  i n  t h e s e  t a b l e s  a r e  t h o s e  whose p r o p e r -  
t i e s  a r e  such  t h a t  u s e  i n  a s e v e r e  env i ronmen t  may be  p o s s i b l e .  
A number of  mater ia l s  i n v e s t i g a t e d  a r e  n o t  l i s t e d  because  of  ob-  
v i o u s  in su rmoun tab le  d e f i c i e n c i e s .  

The d e t e r m i n a t i o n  of  l i s t e d  p r o p e r t i e s  w a s  based  on p r o v i d i n g  
a d e q u a t e  i n f o r m a t i o n  t o  make a m e a n i n g f u l  compar i son  w i t h  m i s s i o n  
r e q u i r e m e n t s .  C e r t a i n  p r o p e r t i e s  have  a g r e a t  i n f l u e n c e  on t h e  
s u i t a b i l i t y  of  a m a t e r i a l  f o r  t h e  Venus ian  a p p l i c a t i o n .  These  
p r o p e r t i e s  are  t h e  o p e r a t i n g  t e m p e r a t u r e  r a n g e  , t e n s i l e  o r  b r e a k -  
i n g  s t r e n g t h ,  and  s t r e n g t h  t o  w e i g h t  r a t i o .  The r e m a i n i n g  p r o p e r -  
t i e s  have v a r y i n g  d e g r e e s  of  impor t ance  t o  t h e  m i s s i o n .  I n a d e -  
q u a t e  performance by a m a t e r i a l  i n  some a r e a s  ( e . g . ,  tear  re- 
s i s t a n c e ,  seam s t r e n g t h ,  p e r m e a b i l i t y ,  and  m o l e c u l a r  s t a b i l i t y )  
r e q u i r e s  c a r e f u l  d e s i g n  c o n s i d e r a t i o n .  O t h e r  v a l u e s  ( e . g . ,  s p e -  
c i f i c  h e a t ,  r e s i s t i v i t y ,  and  d i e l e c t r i c  s t r e n g t h )  must  be  known 
t o  f u l l y  d e f i n e  t h e  sys t em.  

Materials S e l e c t i o n  

The s e l e c t i o n  o f  mater ia l  f o r  any  a p p l i c a t i o n  f o l l o w s  t h e  
f o l l o w i n g  g e n e r a l  s equence :  

1) I d e n t i f y  t h e  major  r e q u i r e m e n t  of  t h e  a p p l i c a t i o n ;  

2 )  Search  f o r  t h e  ma te r i a l  t h a t  mos t  n e a r l y  m e e t s  t h e  
r e q u i r e m e n t  ; 

3) Tes t  f o r  a d d i t i o n a l  i n f o r m a t i o n  on p r o p e r t i e s  ; 

4 )  S e l e c t  t h e  mater ia l  most  n e a r l y  m e e t i n g  t h e  r e q u i r e -  
ment ,  and  d e v e l o p  methods o f  c o r r e c t i n g  t h e  mater ia l  
l i m i t a t i o n s  o r  mod i fy ing  t h e  a p p l i c a t i o n  r e q u i r e m e n t s .  



TABLE 3 .  . GAS BARKIERS FOR BALLWbS 

~ 

Flexibility 
( f o l d i n g  
endurance 

'ear resistance ensile 
t r e n g t h .  

E. I .  d u  Ponr 
i e  Nemaurs 61 co 

000 3 2Y8'K 

b0O a 4?2'K 

E .  I .  du Ponf 
de Nernovrr L Co 

E .  I .  du Ponf 
de  Nrmnurs b co 

! E . ?  a ?98 K 

8.5  a 5 1 3 ' ~  

5 000 d ?5b"K 

I 000 'i 521'X 

35 000 a i a v  
( 5  000 ra 2 9 8 ' ~  

1 7  000 473'K 

YlelC:  

10 ooo I 298% 

'1 000 3 473'K 

2 5  000 a 298'K 

Yield: 

I ?  000 3 ? 5 R 1  

Initial: 

510 g l m i l  4STM 
3-1004-59T 

propagat m g  : 

3 glmil AST? 
0-1922-617 

32.9  a 78  K 

23 .5  a 298 K 

16.0 a 473 K 

10 000 c y c l e r  

RSTM 0-643-43 
E. I. d u  Ponf 
d e  SemovrO b Co 

4 000 cycle. 

,SM 0-2176-63 
14  3 z9n R 

.2L l u . 3  3 :96 h 

.Ob 

15 000 t o  2 2  0 
( 4  298-K 

22 400 a 298'K 

1 4  700 Id 573'K 

Note 

2 ~ ,  so0  '" 358-K 

3 1139 C Y C ! ~ P  
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'tack (W + 0 2 )  

I 

! x l o L 3  ohm/cn 
500 V i r n l l  

TR = 250 t u  422'K 
= , 3 0 5  La1  c 

*- 5.44 x 10-4 
395'K 

'TR = 250 t o  b l b ' K  

8TR = up f "  523 K 

= 3 to 7.5 i n - '  

1400 vimr1  

1 l " W  

8 0  x 10-7  

Y O  x 10-1  

drogen:  

I 1 H  = 4 t o  h 7 5 ' K  

= 3.7 x 10-4 

I rlccfron = h x 10' ra 

n e u t r o n  = I x 101'1 ra 
( f i l m  darkened) 

I x I O L 8  ohm-cm 
7500 \ r V m l l  

v i e  A ( h a l l m i  
rade)  l i l i  de-  
raded b i  IT i n  
r e s e n c ~  o f  0, and 

B C Y Y ~ .  Artrcked 
Y s t rong  b a s e r .  

dragen 

3 6  x 10.' 

i r o g e n :  

35 

ygen: 

30 in - i  

Ilum: 

626 x IO-' 

drogen:  

219  x l o - '  

thane: 

88 

1.4 x IO1' ohm-cm 
6000 v i m i i  

2007. a 298 K 

5 x LOib ohm-cm 
4 2 5  Vl"1l 

) T R  = up I" 444 ti 

= 6 . 2  x 10.' 

'TR = 103 ID 196-K 

- 1 1 . 5  x I l l ?  

1 x I O "  ohm-rm 
500 i"r.1 

I 

1.67 3 ' 9 8  K 

i"! a 5 7 3  K 
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TABLE 4 .  - FIBERS FOR BALLOONS 

, R R  f i b e r  ( 9 )  

R I  f i b e r  ( h )  

.AFML W r i g h t -  
P a t t e r s o n  AFR 

hFMI 

26 

3r ea k in g s t r e n g t h  We 1 gh t 

F o r  g r a d e  
wn clot17 

7 . 2  o z / \ d 2  

a t i o  o f  
t r e n g t h  i n  
h i i n .  t o  
, e i g h t  i n  oz 

d 2  

'o r  g r a d e  W C  
. l o t h ,  

= 1 1 . 8  

c g e n e r i c  iiame 

?or g rade  WCL 
: l o t h  
r 'arp = 8 5  l h l i n .  ir ban f i 1 .ime-1 t 

nd grapi , iLe 

r h o r n e l  ) 
i l J m e n t  I I j i i c i  

. \ e ro>p , i ce  >Li t e -  
r i a l s  Dept ? i l i  = 75 I b l i n .  

1.4.1 

; O r  C l o t h  d t  
' 9 8 ° K .  
< = 4 2 . 7  

. JL i rp  = 225 l h l i n .  
F i l l  = 195  l b l i n .  
0 T = 248 'K  

8 .27  o z l . d L  

'heare t i i  ., i 
l a t h :  
1 . 8  o z / i d -  

l ~ s s  f i b e r  i d )  
6 . 0  m i l  t h i c h )  

2 . 5 4  

:or t h c o -  
ret  1 C J l  

r l o t h :  
\ = 1 6 . 0  

For t h e o r e t i c a l  
c l o t h :  
Warp = 18t1 l h l i n .  
F i l l  = 1 5 7  I b l i n .  
' T = 7 0 0 ° K  

4 . 5  

__ 

7.Y 

- 

1.52 

- 

:1.4 

FiLirnent  t e i  
Sll?: 

Y s on0 ps i 
2 I8'K 

5 8  000 p s i  
r ,  4730K 
42  000 p s i  

573 'K  
2 8  OLIO p s i  

:'I h73"K 

1 . 4 0  g / d e n i r  
t o  1 . 6 7  g l  
d c i i i e r  

4 3  g l d e i i i e r  
('1 2c18"K 
3 .  5 g l d e n i c r  
(,, j73"1( 
1 g l d e n i e r  

@ 723°K 

F o r  e x p e r i m e n t a l  
c l o t h :  
Warp  = 140 l b / i n .  
F i l l  = 167 l h l l n .  

For  e x p e r i -  
men tL i l  c l o t 1  
k = 3 5 . 2  

:or e x p e r i -  
n e n t n l  cloLl 

*. 75 o z l y d -  



- FIBERS FOR BALLOONS - C o n c l u d e d  TABLE 

E l e c t r i c a l  
c h a r a c t e r i s t i c s  

a r p  = 5 1  

ill = 49 

OTR - up t o  2300°K R e s i s t i v i t y  = .0042 
-L- ~ "- 
"ll,.. C...  

F i l a m e n t :  

C l o t h  g r a d  
WCL: 3 t o  

r i g h t  - 
i a r n e s s  
s a t i n  
l e a v e  

, O x i d i z e s  
r a p i d i y  in 
p r e s e n c e  of 

' 0 2  

c = 0 . i i  g - c d i l g  
@ 298°K 

k = 7 . 5 8  x ~ 

g - c a l l s e c  cmL 
"Clcm 

/E - 0.9 

a r p  = 34 
i l l  = 3 2  

P l a i n  
geave 

? o r  t h e o .  
r e t i c a l  
: l o t h :  
P l a i n  
a e a v e  

F i l a m e n t  

3 t o  4% 

OTR = up t o  743°K 
C - 0 .19  g - c a l / g  

," - 2 . 4 8  1 0 - 3  

R e s i s t i v i t y  = 2 t o  

5 x lo1' ohm-cm 

D i e l e c t r i c  s t r e n g t h  = 
2800 V l m i l  g - c a l / s e c  an' 

'Clem 

o r  t h e o r e t -  
c a l  c l o t h :  
a r p  0 24 
ill - 20 

O T R  = a b o v e  l O O O ' K  
C D  = 0 . 1 1  g - c a l l g  

R e s i s t i v i t y  = 3 . 2  x l o - '  
ohm-cm 

R e s i s t i v i t y  = 29 x 
ohm-cm 

F i l a m e n t  
277. 

OTR = up t o  811°K 
f o r  s h o r t  
p e r i o d s  

C = 0 . 1 2  g - c a l l g  

g - c a l l s e c  cm 
' C l c m  

OTR = up t o  673'K 

0 S t r e n g t h  @ 823'K 

," = 1.1  x 10-1 * 

F i l a m e n t  : 
132 F 298" 

23% C. 298' E a r l y  d e v e :  
opment f i- 
bers a f f e c t  
ed by UV.  
M o i s t u r e  
s e n s i t i v e  

OTR = u p  t o  723-K Warp = 39 
F i l l  = 39 

P l a i n  
a e a v e  

e T i t a n i u r n  w i r e  is a v a i l a b l e  i n  d i a m e t e r s  as s m a l l  a s  . 0 1  i n .  A d i a m e t e r  o f  ,0005 i n .  
is r e q u i r e d  f o r  f l e x i b l e  c l o t h .  The c a l c u l a t i o n  o f  a c l o t h  is b a s e d  on .01  i n .  d i a m e t e r  
w i r e .  Note  t h a t  s u c h  a c l o t h  would n o t  b e  f l e x i b l e  and  c o u l d  i iot  he p a c k e d ,  Development  
s t u d i e s  a r e  a t t e m p t i n g  t o  h a t  form ( m e l t  s p i n n i n g )  t i t a n i u m  w i r e .  

f Y a r n  is a v a i l a b l e  w i t h  f i l a m e n t  d i a m e t e r s  o f  4 t o  SO,, w i t h  Y O  t o  300 f i l a m e n t s / y a r n  

gBBB i d e n t i f i e s  poly-bisbenzimidazobenzophendnthroline. An e x p e r i m e n t a l  y a r n  has  been  s p u n .  
The  y a r n  h a s  good h i g h  t e m p e r a t u r e  s t r e n g t h  r e t e n t i o n .  B e c a u s e  BBB i s  i n  e a r l y  d e v e l o p m e n t  
s t a t u s ,  v a l u e s  f o r  t e n a c i t y  a r e  a p p r o x i m a t e  and  may v a r y  g r e a t l y  i n  f i n a l  io rm.  

T h i s  m a t e r i a l  i s  t o  he a h i g h - t r m p r i d t u r e  r e s i s t a n t  s u b s t i t u t e  f o r  Nomex 6 . 
s e v e r a l  c h a r a c t e r i s t i c s  o f  t h e  f a b r i c  ( i n c l u d i n g  p d c k a h i l i t y )  may he assumed t o  dppro . lch  
n y l o n .  Packed  d e n s i t y ,  a p p r o x i m a t e l y  4 0  l b l c u  f t .  Se,im s t r e n g t h :  w d r p  = 8 8 )  o i  p a r e n t .  

f i l l  = 86% o f  p a r e n t .  

hPBI i d e n t i f i e s  p o l y h e n z i m i d a y o l e .  P i l o t  p r o d u c t i o n  o f  t h i s  m , i t e r i a l  h a s  11 e n  a c h i e v e d .  
T h e r e i o r e .  

P o r o s i t y  = 65 f t 3 / m i n / l t 2  a t  , 5  i n .  H 2 0 .  
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The above s t e p s  have  been  c o n s i d e r e d  i n  t h e  r a t i n g  of  mate- 
r i a l s  i n  Table 5.  I n  t h e  supp lemen ta ry  d i s c u s s i o n  t h a t  f o l l o w s ,  
a b r i e f  l i s t i n g  of  t h e  r e a s o n s  f o r  a p a r t i c u l a r  r a t i n g  of  a mate- 
r i a l  w i l l  b e  g i v e n .  These r a t i n g s  a re  a p p l i c a b l e  t o  a b a l l o o n  
u s e d  as a buoyant  Venus s t a t i o n  and  a r e  n o t  i n t e n d e d  t o  r e f l e c t  
t h e  m e r i t s  of t h e  m a t e r i a l  i n  any  o t h e r  u s e .  

TABLE 5 .  - MATERIALS SELECTION SUMMARY 

Mater ia l  
t r a d e  name a n d / o r  

g e n e r a l  name 

P o l y e s t e r  f i l m  

V i  ton 8 e l a s t o m e r  

Pyre-F1.L. (9 po ly imide  

Kapton G9 po ly imide  

Pa ry lene  0 p o l y p a r a x y l y l e n e  

PPO (3 po lypheny leneox ide  

P e r f l u o r o n a t e d  e l a s t o m e r  

P o l y s u l f  one 

P e r f  l u o r o a l k y  1 t r i a z i n e -  
e las tomer 

S i l i c o n e  r u b b e r  

PBI f i l m  

Carbon and g r a p h i t e  

G l a s s  

Ti tanium wire 

304 s t a i n l e s s  w i r e  

Poly imide  f i b e r  

BBB f i b e r  

PBI f i b e r  

Usab le  

X 

X 

X 

X 

Needs 
s t u d y  

X 

X 

X 

X 

X 
X 

X 

Not  
u s a b l e  

X 

X 

X 

X 

X 

X 

X 
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The m a t e r i a l  c h a r a c t e r i s t i c s  t h a t  had t h e  g r e a t e s t  i n f l u e n c e  
cr, t h i s  s e l e c t i o n  a r e  o p e r a t i n g  t e m p e r a t u r e  r a n g e ,  s t r e n g t h  t o  
w e i g h t  r a t i o ,  and t e n s i l e  s t r e n g t h .  F i n a l  d e t e r m i n a t i o n  of a 
m a t e r i a l  must be made r e l a t i v e  t o  s p e c i f i c  m i s s i o n  r e q u i r e m e n t s .  

P o l y e s t e r  f i l m  a p p e a r s  t o  meet a l l  of t h e  r e q u i r e m e n t s  f o r  
t h e  t r i p  t o  Venus. The m a t e r i a l  c h a r a c t e r i s t i c s  of p o l y e s t e r  
f i l m  a r e  g e n e r a l l y  v e r y  good r e l a t i v e  t o  o t h e r  b a l l o o n  f i l m s .  
Al though t h e  o p e r a t i n g  t empera tu re  r ange  of p o l y e s t e r  f i l m  i s  
l i m i t e d ,  t h e  e x p e r i e n c e  t h a t  e x i s t s  i n  f a b r i c a t i o n  and o p e r a t i o n s  
w i t h  t h i s  f i l m  makes i t  d e s i r a b l e  f o r  c e r t a i n  l i m i t e d  m i s s i o n s .  

The o p e r a t i n g  t empera tu re  r a n g e  of V i ton  e l a s t o m e r  i s  more 
l i m i t e d  t h a n  t h e  o p e r a t i n g  t empera tu re  r ange  o f  p o l y e s t e r  f i l m .  
I n  a d d i t i o n ,  t h i s  e l a s t o m e r  i s  l i m i t e d  by r e l a t i v e l y  h i g h  permea- 
b i l i t y  and  complex f a b r i c a t i o n  r e q u i r e m e n t s .  

The p e r f l u o r o n a t e d  e l a s tomer  i s  a r e c e n t  deve lopment  w i t h  re-  
p o r t e d l y  good barr ier  c h a r a c t e r i s t i c s  and an  e x t e n d e d  o p e r a t i n g  
t e m p e r a t u r e  r a n g e .  Al though t h i s  ma te r i a l  c a n n o t  p r e s e n t l y  b e  
c u r e d  i n t o  a u s a b l e  form, f u t u r e  work i n  t h i s  area may r e s u l t  
i n  a n  a p p l i c a b l e  ma te r i a l .  

The p o l y i m i d e s ,  Pyre-M.L. v a r n i s h  and enamel and Kapton f i l m ,  
e x h i b i t  srery d e s i r a b l e  c h a r a c t e r i s t i c s .  The u s a b i l i t y  of P y r e -  
M.L. i s  q u e s t i o n a b l e  because  of i t s  p h y s i c a l  form. However, Kap- 
t o n  h a s  as good o r  b e t t e r  p r o p e r t i e s  t han  most f i l m s .  I t s  most 
o u t s t a n d i n g  p r o p e r t y  i s  t h e  o p e r a t i n g  t e m p e r a t u r e  r a n g e  of 4 t o  
675°K.  I n  a d d i t i o n ,  t h e  p e r m e a b i l i t y  c h a r a c t e r i s t i c s  a re  n e a r l y  
as good as  p o l y e s t e r  f i l m .  S e a l  c h a r a c t e r i s t i c s  of Kapton do n o t  
y e t  match t h e  p a r e n t  m a t e r i a l  pe r fo rmance .  

Development of m a t e r i a l s  i n  t h e  p a r y l e n e  ( p o l y p a r a x y l y l e n e )  
f a m i l y  i s  c o n t i n u i n g .  Some f u t u r e  m e m b e r s  of t h i s  g roup  show 
promise  of o p e r a t i n g  t empera tu re  r a n g e s  of up t o  673°K. However, 
t h e r e  i s  a l a c k  of i n fo rma t ion  on m a t e r i a l  c h a r a c t e r i s t i c s  unde r  
c o n d i t i o n s  t h a t  w i l l  b e  expe r i enced  i n  a Venus ian  a p p l i c a t i o n  of 
t h i s  g roup  of f i l m s .  

P o l y s u l f o n e  c a n n o t  b e  used i n  t h e  maximum t e m p e r a t u r e s  t h a t  
c o u l d  b e  e x p e r i e n c e d .  A d d i t i o n a l l y ,  o t h e r  p r o p e r t i e s  o f  t h i s  
f i l m  a re  n o t  comparable  w i t h  t h o s e  of some o t h e r  f i l m s .  

P e r f l u o r o a l k y l  t r i a z i n e  e l a s t o m e r  i s  i n  t h e  deve lopmen ta l  
s t a g e  a s  a s e a l i n g  compound f o r  SST f u e l  t a n k s .  T h i s  material 
does  n o t  a p p e a r  t o  b e  a p p l i c a b l e  t o  t h e  Venus program. 
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PPO (polyphenylene  o x i d e )  h a s  an  o p e r a t i n g  t e m p e r a t u r e  r a n g e  
t h a t  ex tends  o n l y  t o  398°K. T h i s  p r o p e r t y  makes PPO much less  
d e s i r a b l e  than  o t h e r  f i l m s  w i t h  s u p e r i o r  c h a r a c t e r i s t i c s .  

The gas  b a r r i e r  p r o p e r t i e s  and c o n t i n u o u s - u s e  t e m p e r a t u r e s  
of c u r r e n t  s i l i c o n e  r u b b e r  compounds a re  lower  t h a n  may be a c h i e v -  
a b l e .  Research  i s  b e i n g  d i r e c t e d  toward improved i n o r g a n i c  p o l y -  
mers. Because of t h e  v a r i e t y  of p r o p e r t i e s  a c h i e v a b l e  w i t h  s i l i -  
c o n e  rubber  compounds, a u s a b l e  m a t e r i a l  may b e  deve loped  i n  t h i s  
g roup .  

P B I  (po lybenz imidazo le )  f i l m  h a s  been produced  i n  t h e  l a b o r a -  
t o r y .  Although t h i s  f i l m  i s  n o t  commerc ia l ly  a v a i l a b l e ,  t h e  known 
p r o p e r t i e s  a p p e a r  t o  p l a c e  i t  i n  t h e  same c a t e g o r y  as p o l y e s t e r  
and  poly imide  f i l m s .  

Carbon and g r a p h i t e  f i b e r s  have  many a t t r a c t i v e  c h a r a c t e r i s t i c s .  
However, the c o n v e r s i o n  of f i b e r  t o  y a r n  r e s u l t s  i n  a l o s s  of 60% 
of t h e  s i n g l e - f i b e r  s t r e n g t h .  A d d i t i o n a l l y ,  t h e  h i g h  modulus of 
t h e s e  m a t e r i a l s  p r e s e n t s  problems i n  pack ing  t h e  m a t e r i a l .  

G l a s s  f i b e r ,  a l t h o u g h  v e r y  d e s i r a b l e  from a s t r e n g t h - t o - w e i g h t  
r a t i o  s t a n d p o i n t ,  i s  s e v e r e l y  weakened b y  c r e a s i n g .  S i n c e  creas-  
i n g  t h e  m a t e r i a l  w i l l  a l m o s t  c e r t a i n l y  r e s u l t  from t h e  p a c k i n g  of  
t h e  b a l l o o n ,  t h i s  m a t e r i a l  i s  n o t  c o n s i d e r e d  u s a b l e .  

C l o t h  woven from m e t a l  y a r n  i s  an  a t t r a c t i v e  s o l u t i o n  t o  t h e  
o p e r a t i n g  t e m p e r a t u r e  r a n g e  problem e n c o u n t e r e d  i n  t h e  Venusian 
a tmosphere .  T i t an ium w i r e  i s  t h e  most  p r o m i s i n g  of  t h e  metals 
b e c a u s e  of i t s  r e l a t i v e l y  low d e n s i t y  and h i g h  s t r e n g t h .  However, 
t h i s  w i r e  i s  p r e s e n t l y  a v a i l a b l e  i n  d i a m e t e r s  o n l y  as small  a s  
0 . 0 1  i n .  Resea rch  i s  n o t  p r e s e n t l y  d i r e c t e d  toward l o w e r i n g  t h i s  
d i a m e t e r ,  a l t h o u g h  i n d u s t r y  s o u r c e s  i n d i c a t e  t h a t  t h e  r e q u i r e d  
0 . 0 0 0 5 - i n .  d i a m e t e r  c o u l d  b e  a c h i e v e d .  

S t a i n l e s s  s t e e l  ( 3 0 4 )  i s  a l s o  a t t r a c t i v e ,  a l t h o u g h  i t s  den-  
s i t y  w i l l  r e q u i r e  a l o o s e  weave t o  keep  t h e  e n v e l o p e  mass t o  a 
minimum. Th i s  r e q u i r e m e n t  w i l l  r e s u l t  i n  lower seam s t r e n g t h s  
t h a n  a r e  d e s i r a b l e .  T h i s  ma te r i a l  i s  p r e s e n t l y  a v a i l a b l e  i n  d i -  
a m e t e r s  a s  l o w  as 7.511. 

Poly imide  f i b e r  has  s t r e n g t h  and  t e m p e r a t u r e  r e s i s t a n c e  com- 
p a r a b l e  t o  t h e  po ly imide  f i l m .  The f i b e r  h a s  been produced  i n  
p i l o t  q u a n t i t i e s  a l t h o u g h  t e s t  i n f o r m a t i o n  on t h e  f i b e r  and  t h e  
r e s u l t i n g  c l o t h  i s  l i m i t e d .  
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P B I  f i b e r  h a s  good h i g h - t e m p e r a t u r e  p r o p e r t i e s  and  h a s  been 
woven i n t o  c l o t h .  Al though the ma te r i a l  i s  n o t  y e t  c o m m e r c i a l l y  
p rcduced ,  its p r o p e r t i c s  are  app’ i i cab ie  t o  t h i s  m i s s i o n .  

Miss ion  L i m i t a t i o n s  

F i g u r e s  44 t h r u  48 i l l u s t r a t e  t h e  d e g r a d a t i o n  of mater ia l  
s t r e n g t h  w i t h  a n  i n c r e a s e  i n  t e m p e r a t u r e .  T h i s  d e g r a d a t i o n  i m -  
poses  t h e  most  s e r i o u s  l i m i t a t i o n  on a m i s s i o n  i n t o  t h e  Venus ian  
a tmosphe re .  B a l l o o n  s y s t e m  des ign  must b e  b a s e d  on t h e  h i g h e s t  
t e m p e r a t u r e s  t o  b e  encoun te red .  The i n f o r m a t i o n  i n  t h e s e  f i g u r e s  
may be used  t o  d e t e r m i n e  t h e  a c t u a l  m i s s i o n  l i m i t a t i o n s  imposed 
by each  ma te r i a l .  F i g u r e s  49 t h r u  51 i l l u s t r a t e  t h e  m i s s i o n  
l i m i t s  f o r  each  material  and  a tmosphere  model based  on tempera-  
t u r e .  Metal f i b e r  i s  n o t  i nc luded  i n  t h e  f i g u r e s  b e c a u s e  no  t e m -  
p e r a t u r e  l i m i t  f o r  m e t a l  c l o t h  e x i s t s  w i t h i n  t h e  a tmosphe re  of 
Venus. 

A d d i t i o n a l  l i m i t a t i o n s  may b e  imposed by t h e  m o l e c u l a r  s t a -  
b i l i t y  of a ma te r i a l .  
o x i d e  w h i l e  Mylar i s  degraded  by u l t r a v i o l e t  r a d i a t i o n .  S i n c e  
e t h y l e n e  o x i d e  i s  used  as  a s t e r i l i z a t i o n  medium, V i t o n  c o u l d  
n o t  b e  u sed  u n l e s s  a d i f f e r e n t  s t e r i l i z a t i o n  r e q u i r e m e n t  w a s  a p -  
proved .  The u l t r a v i o l e t  s e n s i t i v i t y  of Mylar c o u l d  l i m i t  i t s  u s e  
t o  areas where  t h e  r a d i a t i o n  is  l e a s t  o r  t o  s h o r t - d u r a t i o n  m i s -  
s i o n s .  

F o r  example, V i t o n  i s  a t t a c k e d  by e t h y l e n e  

D e t e r m i n a t i o n  of m i s s i o n  l i m i t s  from p r o p e r t i e s  o t h e r  t h a n  
t e m p e r a t u r e  s e n s i t i v i t y  i s  g e n e r a l l y  l i m i t e d  by l a c k  of d a t a  
under  t h e  c o n d i t i o n s  e x p e c t e d .  A l s o ,  t h e  s p e c i f i c  s y s t e m  con-  
f i g u r a t i o n  c o u p l e d  w i t h  t h e  use and  l o c a t i o n  of a g i v e n  mater ia l  
w i t h i n  t h e  s y s t e m  w i l l  b e  a f a c t o r  i n  d e t e r m i n i n g  t h e  l i m i t a t i o n s .  

Problem Areas  

Tab le  6 summarizes t h e  major problem areas t h a t  e x i s t  r e l a -  
t i v e  t o  b a l l o o n  m a t e r i a l s  and  b a l l o o n  f a b r i c a t i o n .  The r e l a t i v e  
impor t ance  o f  s p e c i f i c  problems w i t h i n  t h e s e  g e n e r a l  areas w i l l  
depend on t h e  d e t a i l s  of t h e  mis s ion  r e q u i r e m e n t s .  
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TABLE 6 .  - PROBLEM AREA SUMMARY 

~~ ~ 

1. P h y s i c a l  p r o p e r t y  
d a t a  a t  m i s s i o n  c o n -  
d i t i o n  a r e  no t  a v a i l -  

P r o b l e m  a r e a  I I m p a c t  on p rogram I Glork n e e d e d  

E x t r a p o l a t i o n s  f rom M a t e r i a l  p r o p e r t i e s  mus t  
e x i s t i n g  d a t a  a r e  ce r -  be d e t e r m i n e d  u n d e r  s imu-  
t a i n l y  i n a c c u r a t e ;  d e -  l a t e d  Venus ian  m i s s i o n  r e .  

2 .  F u l l  c a p a b i l i t i e s  
of  some m a t e r i a l s  a r e  
n o t  y e t  r e a l i z e d  

3 .  F a b r i c a t i o n  t e c h n i q u e s  
a n d  m a t e r i a l s  a r e  n o t  
o p t i m i z e d  f o r  m i s s i o n  
c ond i t i o n s  

4 .  R e l i a b i l i t y  of  b a l -  
loon and  components 
i s  n o t  a d e q u a t e  

a b  l e  

n o t  b e  a d e q u a t e  

Optimum b a l l o o n  d e s i g n  R e s e a r c h  r e q u i r e d  t o  o p -  
c a n n o t  be  a c h i e v e d  t i m i z e  mater ia l  p r o p e r t i e :  

P o t e n t i a l  of m a t e r i a l s  Development  of  t e c h n i q u e s  
c a n n o t  be  u s e d  r e s u l t i n g  a n d  m a t e r i a l s  f o r  maximum 
i n  Less t h a n  optimum d e -  u s e  o f  b a l l o o n  m a t e r i a l s  
s i g n s  

The r e q u i r e d  r e l i a b i l i t y  Development  of  i n s p e c t i o n  
t o  j u s t i i y  a m i s s i o n  t o  me thods  a n d  t e s t i n g  sys- 
Venus i s  n o t  a v a i l a b l e  i n  tems as w e l l  a s  f a b r i c a -  
e x i s t i n g  b a l l o o n  t e c h n o l -  t i o n  mater ia l s  and  t e c h n i  
08Y q u e s  ( s e e  I t e m  3 a b o v e )  

s i g n s  a r e  t h e r e f o r e  a p -  q u i r e m e n t s  I proxima t i o n s  t h a t  may I 

The l a c k  of p h y s i c a l  p r o p e r t y  d a t a  a t  m i s s i o n  c o n d i t i o n s  p r e -  
v e n t s  a c o n f i d e n t  s e l e c t i o n  o f  b a l l o o n  ma te r i a l s .  Almost no e n g i -  
n e e r i n g  da ta  e x i s t  i n  t h e  t e m p e r a t u r e  r a n g e  from 200 t o  400°C.  
F o r  example, p e r m e a b i l i t y  d a t a  are  a l m o s t  u n i v e r s a l l y  g a t h e r e d  a t  
room tempera ture .  An example of  t h e  e f f e c t  o f  t e m p e r a t u r e  on 
p e r m e a b i l i t y  may be found i n  T a b l e  3 f o r  V i t o n  e l a s t o m e r .  I n  t h i s  
case t h e  p e r m e a b i l i t y  i n c r e a s e s  7 . 5  times a s  t h e  t e m p e r a t u r e  i s  
i n c r e a s e d  from 25 t o  204°C.  I f  t h i s  i n c r e a s e  i s  r e p r e s e n t a t i v e ,  
e x i s t i n g  des ign  d a t a  may w e l l  b e  i n v a l i d .  

The l e a s t  c r i t i c a l  o f  t h e  g e n e r a l  problem a r e a s  l i s t e d  i s  t h a t  
d e a l i n g  with t h e  s t a g e  o f  development o f  p r o m i s i n g  m a t e r i a l s .  Of 
t h e  f i v e  m a t e r i a l s  l i s t e d  a s  u s a b l e  i n  T a b l e  5 ,  t h e  PBI m a t e r i a l s  
a r e  t h e  only o n e s  t h a t  might  f a l l  i n  t h i s  a r e a .  However, i t  i s  
c o n c e i v a b l e  t h a t  a member of  t h e  p a r y l e n e ,  s i l i c o n e  r u b b e r ,  o r  BBB 
f i b e r  groups could  become t h e  most optimum m a t e r i a l  f o r  t h e  Venu- 
sian a p p l i c a t i o n .  It  i s  f e l t ,  however,  t h a t  a n  improvement i n  t h i s  
a r e a  w i l l  have a minimum e f f e c t  on t h e  m i s s i o n .  



The l a c k  of a d e q u a t e  f a b r i c a t i o n  m a t e r i a l s  and t e c h n i q u e s  i s  
a s e r i o u s  problem. F o r  example, Kapton  f i l m  i s  a p r o m i s i n g  mate-  
r i a l  f o r  t h e  b a l l o o n  e n v e l o p e .  However, t h e  s t r e n g t h  01 s e a l s  
p r e s e n t l y  a t t a i n a b l e  i s  o n l y  80% of  p a r e n t  ma te r i a l  s t r e n g t h .  
F o r  f u l l  u s e  of t h i s  m a t e r i a l ,  s e a l s  must be deve loped  w i t h  
s t r e n g t h s  o f  a t  l e a s t  95% of p a r e n t  s t r e n g t h  t h r o u g h o u t  t h e  o p e r a t -  
i n g  t e m p e r a t u r e  r ange  r e q u i r e d  by t h e  m i s s i o n .  Very l i t t l e ,  i f  
a n y ,  work h a s  been done w i t h  PBI f i l m .  

R e l i a b i l i t y  r e q u i r e d  of a b a l l o o n  s y s t e m  f o r  t h i s  a p p l i c a t i o n  
exceeds  t h e  s t a t e  of t h e  a r t .  P r e s e n t  i n s p e c t i o n  and  t e s t  methods 
a re  n o t  a d e q u a t e  t o  e n s u r e  s u f f i c i e n t l y  h i g h  r e l i a b i l i t y  t o  j u s t i f y  
a Venus m i s s i o n .  Development o f  t e c h n i q u e s  and machines  t o  t e s t  
f a b r i c a t i o n  q u a l i t y  i s  r e q u i r e d .  F a b r i c a t i o n  methods must be 
s t u d i e d  t o  d e t e r m i n e  methods of improving  e x i s t i n g  r e l i a b i l i t y .  
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COMPUTER PROGRAMS 

The deployment of a buoyant  s t a t i o n  l o g i c a l l y  f a l l s  i n t o  two 
p h a s e s .  The f i r s t  phase  i n v o l v e s  t h e  dynamics of  p a r a c h u t e  open-  
i n g  and r e a c h i n g  t e r m i n a l  v e l o c i t y .  I m p o r t a n t  f a c t o r s  a re  t h e  
s n a t c h  f o r c e  and o p e n i n g  shock  of t h e  p a r a c h u t e .  This demands 
v e r y  small c a l c u l a t i o n  i n t e r v a l s  and b o t h  a n a l y t i c a l  and e m p i r i -  
c a l  formulas  u s i n g  a two-body sys tem w i t h  t h e  s t a t i o n  and p a r a -  
c h u t e  connec ted  by a h a r n e s s  ( c o n n e c t i n g  c a b l e  and  r i s e r s ) .  The 
second phase l e n d s  i t s e l f  t o  t h e  l a r g e r  c a l c u l a t i o n  i n t e r v a l s  as-  
s o c i a t e d  w i t h  t h e  i n f l a t i o n  and f l o a t a t i o n  of t h e  b a l l o o n .  

A computer program was developed  f o r  e a c h  of t h e  f o u r  c y c l i n g  
methods .  Each method had s i g n i f i c a n t  d i f f e r e n c e s  i n  c o n t r o l  l o g i c  
and  f u n c t i o n s  and  r e q u i r e d  d i f f e r e n t  i n p u t  d a t a .  

P a r a c h u t e  Deployment 

The p a r a c h u t e  deployment computer  program u s e s  a s i n g l e  body 
w i t h  i t s  a t t e n d a n t  aerodynamic l o a d s  i n i t i a l l y .  A t  t h e  t i m e  o f  
p a r a c h u t e  r e l e a s e ,  t h e  program becomes a two-body problem w i t h  a n  
i n t e r c o n n e c t i n g  s p r i n g .  The a f t  body dynamics depend on t h e  e x t e r n a l  
aerodynamic l o a d s  and t h e  i n t e r c o n n e c t i n g  f o r c e  between t h e  two 
b o d i e s .  The dynamics of t h e  f o r e b o d y ,  which i s  t h e  undeployed 
s t a t i o n ,  a l s o  depend on t h e  aerodynamic l o a d s  and t h e  i n t e r c o n n e c t -  
i n g  f o r c e .  The i n t e r c o n n e c t i n g  f o r c e  must b e  s o l v e d  s i m u l t a n e o u l s y  
t h r o u g h  m a t r i x  s o l u t i o n  o r  t h e  p r e v i o u s l y  c a l c u l a t e d  v a l u e  u s e d  f o r  
d e s c r i b i n g  t h e  dynamics of t h e  two b o d i e s .  The computer  program 
u s e d  t h e  l a t e r  method. 

T a b l e  7 l i s t s  t h e  i n p u t  d a t a  and t y p i c a l  v a l u e s  u s e d  f o r  d e -  
ployment  of a 200- and 2000-lb s t a t i o n  i n  t h e  mean d e n s i t y  a tmos-  
p h e r e .  
o p e n i n g  shock a r e  a s  f o l l o w s :  

The a s s u m p t i o n s  and f o r m u l a s  u s e d  f o r  t h e  s n a t c h  f o r c e  and  



TABLE 7 .  - BUOYANT VENUS STATION PARACHUTE DEPLOYFENT INPUT DATA 

D e s c r i p t i o n  

kg  mpf Mass of f o l d e d  c h u t e ,  

Chu te  e n c l o s e d  airmass, kg 
Chu te  a p p a r e n t  mass, kg 
S t a t i o n  normal v e l o c i t y  a t  T = 0,  m/sec  
S t a t i o n  a x i a l  v e l o c i t y  a t  T = 0 ,  m/sec  
S t a t i o n  a n g u l a r  v e l o c i t y  a t  T = 0 ,  m/sec  
S t a t i o n  p i t c h  a t t i t u d e  a t  T = 0 ,  m/sec  
Chute  r e f e r e n c e  d i a m e t e r ,  m 
S t a t i o n  r e f e r e n c e  d i a m e t e r ,  m 
Leng th ,  s u s p e n s i o n  l i n e ,  m 1 

Leng th ,  c h u t e  c g  t o  moment c e n t e r ,  m 
U n s t r e t c h e d  l e n g t h  o f  c o n n e c t i n g  c a b l e ,  m 
S t a t i o n  moment of i n e r t i a ,  kg-m 

G r a v i t a t i o n a l  a c c e l e r a t i o n ,  m sec  
Opening shock f a c t o r  
Connec t ing  c a b l e  u l t i m a t e  l o a d ,  N 

U n i n f l a t e d  c h u t e  r e f e r e n c e  a r e a ,  m2 

I n i t i a l  a l t i t u d e ,  km 
Chu te  deployment  a l t i t u d e ,  km 
Computing i n t e r v a l ,  s e c  
P r i n t  i n t e r v a l ,  s e c  
Connec to r  c a b l e  s p r i n g  c o n s t a n t  
Chute  g e o m e t r i c  p o r o s i t y  
Gondola mass, kg 
Weight o f  g a s  i n  i n f l a t i o n  t a n k ,  N 
Mass o f  i n f l a t i o n  t a n k ,  dk 
Drag c o e f f i c i e n t ,  normal C 

F r o n t a l  a r e a  o f  t h e  i n f l a t e d  chu te ,  m2 

P 

2 

U1 

A 
0 

a P  
S 

P 

T y p i c a l  i n p u t  
v a l u e s  

200- lb  
s t a t  i o n  

4.58 

.86 

.43 
0 

263.5 
0 
0 
7 
1.525 
8 . 6  

1 0 . 4 3  
7 . 6 2  

16.25 

8 . 8 6  
1 . 2 0  

4 4  4 0 0  

.1 

7 0 . 1  
7 0 . 0  

.1 

.2 
4 000 

.40 
51.6 
35 
5 3  .O 

.67 

35.4 

1) S n a t c h  f o r c e  - The sum o f  t h e  d r a g  f o r c e  on t h e  

L""., 7nnn - l h  
s t a t i o n  
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7 1 . 4  
35.7 

0 
263 .5  

0 
0 

2 3  
3 
8.6 

10.43 
7 .62  

16.25 

8 .86  
1 .20  

96 000 

.5 

7 0 . 1  
7 0 . 0  

.1 

.2 
90 000 

.40 
360  
300  
4 5 1  

.67  

4 1 5  

f o l d e d  
p a r a c h u t e  and t h e  k i n e t i c  ene rgy  of t h e  p a r a c h u t e  w i t h  
r e s p e c t  t o  t h e  s t a t i o n .  I t  i s  d e s c r i b e d  by ( r e f .  1) 

* A  + P  FS = . q P  0 

where  

2 
m * VR * U p  

B * e  
P =  

P 
(27-4) 
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C = Drag c o e f f i c i e n t  f o r  u n i n f l a t e d  p a r a c h u t e .  
aP 

= Dynamic p r e s s u r e  
qP 

= Area of u n i n f l a t e d  p a r a c h u t e  
0 

A 

m = Mass of f o l d e d  p a r a c h u t e  
Pf  

= R e l a t i v e  v e l o c i t y  between s t a t i o n  and  p a r a -  
c h u t e  "R 

= Design  u l t i m a t e  l o a d  on r i s e r s  uQ 
P 
I = Suspens ion  l i n e  l e n g t h  

P 

e = E l o n g a t i o n  o f  s u s p e n s i o n  l i n e  under 
u l t i m a t e  load  p e r  u n i t  l e n g t h ;  

2 )  Opening shock - T h i s  f o r c e  caused  by i n i t i a l  i n f l a -  
t i o n  o f  t h e  p c i r a c h u t e ,  i s  d e s c r i b e d  by  ( r e f .  1 )  

36 

* s  - x  
0 a P  qP P 

s = c  * 

where 

S = F r o n t a l  a r e a  o f  t h e  i n f l a t e d  p a r a c h u t e  
P 

X = E m p i r i c a l  f a c t o r  

The v a l u e  of X h a s  been n o t e d  t o  l i e  between 1 . 2  and  1 . 5  
from wind t u n n e l  t e s t  d a t a  and a c t u a l  f l i g h t s .  A v a l u e  of  1 . 2  
w a s  u sed  f o r  t h i s  a n a l y s i s .  

Bal loon  deployment .  - T h i s  phase  of t h e  s t a t i o n  deployment  
w a s  ana lyzed  w i t h  a s econd  computer  program. The problem w a s  
s t a r t e d  wi th  t h e  p a r a c h u t e  dep loyed  and  t h e  f l i g h t  c o n d i t i o n s  de-  
t e rmined  from t h e  f i n a l  c o n d i t i o n s  of t h e  f i r s t  program. 

T h i s  computer program c a l c u l a t e s  t h e  aerodynamic  l o a d s  on t h e  
p a r a c h u t e  and  b a l l o o n  b u t  assumes no  d r a g  from t h e  i n f l a t i o n  t a n k -  
a g e  and  s t a t i o n  p a y l o a d .  The f low f i e l d s  o f  t h e  p a r a c h u t e  and  
b a l i o o n  a r e  assumed t o  be m u t u a l l y  i n d e p e n d e n t ,  and t h e  t ankage  
and  payload do  n o t  a f f e c t  t h e  f low f i e l d  of e i t h e r .  



The b a l l o o n  i n t e r n a l  p r e s s u r e  d u r i n g  i n f l a t i o n  i s  assumed t o  
b c  equz l  t o  t h e  dynamic p r e s s u r e  o f  t h e  a tmosphe re .  F l u t t e r  of  
t h e  s l a c k  b a l l o o n  f a b r i c  w a s  not  i n c l u d e d .  T h e  shape  or' Lile b a l -  
l o o n  w a s  assumed t o  be  a n  expanding s p h e r e  t h r o u g h o u t  t h e  p e r i o d  
o f  i n f l a t i o n .  F o r  t h e  h i g h - p r e s s u r e  g a s  i n f l a t i o n ,  a n  a d i a b a t i c  
e x p a n s i o n  p r o c e s s  was assumed f o r  t h e  gas  f low.  F o r  decomposing 
h y d r a z i n e ,  a c o n s t a n t  f low r a t e  w a s  assumed. The p a r a c h u t e  and  
t ankage  were r e l e a s e d  s imul t aneous ly  when t h e  b a l l o o n  became f u l l y  
i n f l a t e d  o r  t h e  p r o p e r  amount of  gas  was r e l e a s e d  i n t o  t h e  b a l l o o n .  

T a b l e  8 l i s t s  i n p u t  d a t a  f o r  t h e  program and  t y p i c a l  i n p u t  
v a l u e s  f o r  a 200- and  2 0 0 0 - l b  c l a s s  s t a t i o n .  

TABLE 8 .  - BUOYANT VENUS STATION BALLOON DEPLOYMENT INPUT DATA 

T y p i c a l  i n p u t  v a l u e s  

D e s c r i p t i o n  
200 - l b  
s t a t  i o n  

Mass of  c h u t e ,  kg 5.90 
.74 

9.30 

I Chute  e n c l o s e d  a i rmass,  kg 
Chu te  a p p a r e n t  mass, kg .43 

R a t e  of b a l l o o n  v e n t i n g ,  N/sec . 0 44 

I 
Mass o f  f o l d e d  b a l l o o n ,  kg 

S t a t i o n  h o r i z o n t a l  v e l o c i t y ,  m/sec 
S t a t i o n  v e r t i c a l  v e l o c i t y ,  m/sec 
S t a r t i n g  t i m e ,  sec 
P a r a c h u t e  r e f e r e n c e  d i a m e t e r ,  m 

G r a v i t a t i o n a l  a c c e l e r a t i o n ,  m /sec 
B a l l o o n  d r a g  c o e f f i c i e n t  
Maximum b a l l o o n  r a d i u s ,  m 
I n i t i a l  a l t i t u d e ,  km 
B a l l o o n  i n f l a t i v e  a l t i t u d e ,  km 
B a l l o o n  suspended  m a s s , _ k g  

2 
Ba l loon  f i l l - l i n e  a r ea ,  m 

2 

, R a t i o  of  s p e c i f i c  h e a t s  

' I n i t i a l  t a n k  p r e s s u r e ,  N / m 2  
I n i t i a l  t a n k  t e m p e r a t u r e ,  "K 
Maximum b a l l o o n  f a b r i c  s t r e n g t h ,  N / m  

' Weight  of  i n f l a t i o n  g a s ,  N 
Mass of  i n f l a t i o n  t a n k ,  kg  

! 

10 
40 .!I 
0 
5 0  

8.86 
.44 

4 . 4 2  
59.84 
5 8 . 5 0  
4 5  .O 

7.86 x 
1.40 

310 000 
294 
353 

4 2 . 1  
6 3 . 9  

2 0 0 0 - l b  
s t a t i o n  

48 
71.4 
35 .7  
1 2 . 8  

10 
2 5  .O 

0 
23 .O 

.044 

8 .86  
.44 

8 .41  
-58.0 
56 .O 
36 .O 

3.14 
1.40 

310 000 
2 94 
3 53 
300 .O 
451 

This  program a l l o w e d  t h e  b a l l o o n  i n f l a t i o n  a l t i t u d e ,  t h e  i n -  
f l a t i o n  r a t e ,  and t h e  amount of gas  dumped i n t o  t h e  b a l l o o n  t o  be 
v a r i e d .  
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A l t i t u d e  C y c l i n g  - Gas Dump and  Makeup 

This computer  program was deve loped  u s i n g  c e r t a i n  a s s u m p t i o n s  
and  approx ima t ions  t h a t  a r e  shown t o  b e  s u f f i c i e n t l y  a c c u r a t e  f o r  
t h i s  s t u d y .  The bas i c  a s s u m p t i o n s  a r e  d i s c u s s e d  i n  t h e  f o l l o w i n g  
pa rag raphs .  

Bal loon g a s e s .  - I t  i s  assumed t h a t  t h e  g a s  i n  t h e  b a l l o o n  i s  
a p e r f e c t  g a s ,  w i t h  a s p e c i f i e d  m o l e c u l a r  w e i g h t .  The mass o f  t h e  
g a s  i s  c o n s t a n t .  The v i s c o s i t y  of  t h e  g a s  i s  assumed t o  v a r y  as 
t h e  squa re  r o o t  of t h e  b u l k  t e m p e r a t u r e s .  

Bal loon geometry .  - A s  l o n g  as t h e  volume o f  t h e  gas i s  l ess  
t h a n  a s p e c i f i e d  maximum, t h e  gas  p r e s s u r e  i s  assumed t o  be e q u a l  
t o  t h e  ambient p r e s s u r e ,  and  t h e  volume of  t h e  b a l l o o n  may v a r y  
w i t h  t ime ,  A s  soon as  t h e  volume h a s  r e a c h e d  a s p e c i f i e d  maximum, 
t h e  volume c a n n o t  b e  i n c r e a s e d  ( i t  may be  d e c r e a s e d ) .  An o v e r -  
p r e s s u r e  i n  t h e  b a l l o o n  may o c c u r .  The shape  of  t h e  b a l l o o n  i s  
assumed to b e  a s p h e r e .  

V e l o c i t y .  - The v e l o c i t y  of t h e  b a l l o o n  i s  a lways  assumed 
t o  be such t h a t  t h e  d r a g  f o r c e  i s  e q u a l  t o  t h e  d i f f e r e n c e  between 
g r a v i t y  and buoyancy. I f  buoyancy i s  g r e a t e r  t h a n  w e i g h t ,  t h e  
mot ion  i s  up .  

The assumption t h a t  t h e  f o r c e s  c a u s e d  b y  a c c e l e r a t i o n  c a n  be 
i g n o r e d  i s  p e r f e c t l y  a c c e p t a b l e  when t h e  f l i g h t  t i m e s  are  l o n g  
compared to  t h e  t i m e  i t  would t a k e  t o  e s t a b l i s h  e q u i l i b r i u m .  The 
t endency  toward e q u i l i b r i u m  (D = I B - W l )  i s  a p p r o x i m a t e l y  ex- 
p o n e n t i a l ,  w i t h  a t ime  c o n s t a n t  r (1 + e ) V  where  6 = (buoyancy - 
w e i g h t ) / w e i g h t ,  V = e q u i l i b r i u m  v e l o c i t y ,  and  r = r a d i u s  of  
b a l l o o n .  

l e 

e 

F o r  t h e  b a l l o o n s  unde r  c o n s i d e r a t i o n ,  

r 
v (l+0) = 1 sec 

e 

However, we a r e  i n t e r e s t e d  i n  r i s i n g  o r  f a l l i n g  t imes on t h e  o r d e r  
of  a n  hour  o r  more. Consequen t ly ,  t h e  a s s u m p t i o n  of  e q u i l i b r i u m  
i s  a c c e p t a b l e .  
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Heat  t r a n s f e r .  - One o f  the major  c o n s i d e r a t i o n s  i n  t h e  mot ion  
of a b a l l o o n  i s  t h e  b u l k  t e m p e r a t u r e  of t h e  buoyant  g a s e s .  To 
s i m u l a t e  t h e  h e a t  f l ow,  t h e  conduc t ion  p a t h  i s  b roken  i n t o  t h r e e  
r e g i o n s  : 

1) O u t s i d e  s k i n  o f  ba l loon  t o  ambien t  a tmosphe re  - Accord- 
i n g  t o  s e v e r a l  s t a n d a r d  t e x t s ,  t h e  N u s s e l t  number f o r  
a s p h e r e  i s  a f u n c t i o n  of t h e  Reynolds  number, and c a n  
b e  approx ima ted  by 

6 
h D  

k 0.33 (R) 
C - =  

where 

v D  R = Reynolds  number, based  on d i a m e t e r  - 
Y 

D = Diameter  of b a l l o o n  

k = C o n d u c t i v i t y  of  a tmosphe re  

h = Convec t ive  h e a t  t r a n s f e r  c o e f f i c i e n t ;  
C 

2 )  I n s i d e  s k i n  of ba l loor i  Lo o u t s i d e  s k i n  - Tiiis p o r t i o n  
of t h e  h e a t  t r a n s f e r  i s  assumed t o  be p u r e  c o n d u c t i o n ;  

3) I n s i d e  of b a l l o o n  t o  i n s i d e  s k i n  - Accord ing  t o  v a r i -  
ous  s t a n d a r d  t e x t s ,  t h i s  p o r t i o n  of t h e  h e a t  t r a n s f e r  
i s  governed  by the Grashof  and  P r a n d t l  number 

t h e  e q u i l i b r i u m  of i n t e r e s t ,  N + P lo9) i s  g i v e n  

A r e a s o n a b l e  approx ima t ion  f o r  t h e  N u s s e l t  

by 
g r  r 

h3D k 
cond g 

S i n c e ,  f o r  t h e  gases c o n s i d e r e d ,  (Pr>’ - 1, t h e  

l a t t e r  t e r m  i s  n e g l e c t e d .  The t e m p e r a t u r e  d i f f e r e n c e ,  
AT i s  measured  between f a b r i c  and  t h e  b u l k  of t h e  
g,s ; 
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4 )  R a d i a t i o n  - The o n l y  r a d i a t i v e  h e a t  t r a n s f e r  c o n s i d e r e d  
was between t h e  f a b r i c  and  t h e  ambien t  a i r .  The h e a t  
t r a n s f e r  c o e f f i c i e n t ,  from t h e  s k i n  t o  t h e  a m b i e n t ,  
i s  t h e r e f o r e  g i v e n  by 

where 

T = ambien t  t e m p e r a t u r e  
a 

T = o u t s i d e  w a l l  t e m p e r a t u r e  
W 

i = e m i s s i v i t y  (w.4) 

0 = Stephen-Boltzmann c o n s t a n t  

T - Tw 
a 

a << 1, w e  have  
T Assuming t h a t  

3 
h l  = hc + 4 aTa 

5) T o t a l  h e a t  t r a n s f e r  c o e f f i c i e n t  - The t o t a l  h e a t  
t r a n s f e r  c o e f f i c i e n t  i s  g i v e n  by 

-1 
h* = [e+ $1 

(33)  

( 3 4 )  

Venus a tmosphe re .  - The a tmosphe re  t e m p e r a t u r e ,  p r e s s u r e ,  and  
v i s c o s i t y  a r e  s p e c i f i e d  as  f u n c t i o n s  o f  t h e  a l t i t u d e .  The d e n s i t y  
i s  computed assuming a p e r f e c t  gas  and  s p e c i f i e d  ( c o n s t a n t )  mole- 
c u l a r  w e i g h t ,  It i s  f u r t h e r  assumed t h a t  t h e r e  a re  n o  winds o r  
u p d r a f t s ,  t h a t  t h e r e  i s  no  c o n d e n s a t i o n  on t h e  b a l l o o n ,  and  t h e r e  
a r e  no t ime-dependent changes  i n  t h e  a t m o s p h e r e .  

The f o l l o w i n g  g e n e r a l  e q u a t i o n s  a r e  u s e d  t o  d e s c r i b e  t h e  mo- 
t i o n  of the b a l l o o n .  
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H e a t  t r a n s f e r .  - There i s  one d i f f e r e n t i a l  e q u a t i o n  f o r  t h e  
i I, e 1 t cL.,,,crature. nm n It i s  given by  

where  

1 

Q i n  - Qoutl  i f  V Z V  
m a  x 

V = i n s t a n t a n e o u s  volume of b a l l o o n  

V = maximum volume of b a l l o o n  
max 

T = i n t e r n a l  t empera tu re  

t = t i m e  

m = mass of gas  
g 

C = s p e c i f i c  h e a t ,  c o n s t a n t  p r e s s u r e  
P 

C = s p e c i f i c  h e a t ,  c o n s t a n t  volume 
V 

= h e a t  f l ow i n  
Q i n  

= h e a t  f l ow o u t  
Q o u t  

- d p  = p r e s s u r e  g r a d i e n t  
dh 

V = v e l o c i t y  

Care must b e  t a k e n  s o  t h a t  a l l  q u a n t i t i e s  a r e  measured i n  com- 
p a t i b l e  u n i t s .  

We have  a l s o  t h a t  

= 4 n r 2  (T - T ) h$: 
Q o u t  a 
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where  

h a  = o v e r a l l  h e a t  t r a n s f e r  c o e f f i c i e n t  

T = ambien t  t e m p e r a t u r e  
a 

r = r a d i u s  of b a l l o o n  

S i n c e  h+; i s  a f u n c t i o n  of a t  l e a s t  T, Ta, Hl ,  and H2 ,  i t  

i s  n e c e s s a r y  t o  s o l v e ,  by i t e r a t i o n ,  f o r  h-?;. S i n c e  r i s  a 
f u n c t i o n  of V ,  and  V i t  s e l f  depends on t h e  p r e s s u r e ,  t e m -  
p e r a t u r e s ,  e t c ,  w e  a l s o  have  t o  c o n t i n u o u s l y  s o l v e  f o r  r .  

A l t i t u d e .  - 

= v  
dh - 
d t  

Geometry. - The volume i s  g i v e n  by 

g r  T 
P 

m 
v = -  

where 

p = i n t e r n a l  p r e s s u r e  

R = gas c o n s t a n t  

gRT 
m 

p = -  
V 

max 

The r a d i u s  i s  g i v e n  by 

113 
r = [y] 

The buoyancy i s  g i v e n  by 

B = V P g  a 

(37) 

( 3 9 )  



V e i o c i t y .  - The v e l o c i t y  i s  computed by 

v = +  E; ;,.:.I a 

cD 

II r P  
a - ['" cD 

i f  B > M  
g 

> 

i f  B < M  
g 

Mass. - The g a s  mass i s  i n s t a n t l y  changed  t o  a c c o u n t  f o r  a 
gas  dump. The i n i t i a l  mass of g a s  i s  changed  by a f r a c t i o n  t o  
a l l o w  f o r  d e s c e n t .  The mass o f  t h e  pay load  i s  d e c r e a s e d  by a 
f r a c t i o n  when t h e  minimum d e s i r e d  a l t i t u d e  i s  r e a c h e d  and  t h i s  
change  i n  mass i s  added  t o  the  g a s  mass t o  e s t a b l i s h  a s c e n t .  

The i n p u t  d a t a  f o r  t h i s  program i s  shown i n  T a b l e  9 a l o n g  
w i t h  t y p i c a l  v a l u e s ,  

TABLE 9.  - BUOYANT VENUS STATION ALTITUDE CYCLING GAS DUMP AND 
MAKEUP INPUT DATA 

D e s c r i p t i o n  

F i n a l  t i m e ,  h r  
P r i n t  i n t e r v a l ,  h r  
C a l c u l a t i o n  i n t e r v a l ,  s e c  
I n i t i a l  a1  t i  t u d e  , km 
Minimum a l t i t u d e ,  km 
Maximum b a l l o o n  volume, c u  f t  
I n i t i a l  b a l l o o n  g a s  t e m p e r a t u r e ,  O R  

Ba l loon  e m i s s i v i t y  
Rad ius  of p l a n e t ,  km 

S u r f a c e  g r a v i t y ,  
Atmosphere m o l e c u l a r  w e i g h t  

Atmosphere c o n d u c t i v i t y ,  B tu f sec -OR-f t  
Mass of b a l l o o n  g a s ,  s l u g s  
M o l e c u l a r  w e i g h t  of b a l l o o n  g a s  

C o n d u c t i v i t y  of b a l l o o n  g a s ,  B tu / sec . -OR- f t .  

Gas v i s c o s i t y ,  s l u b f f t - s e c .  
Gas r a t i o  of s p e c i f i c  h e a t s  
I n i t i a l  s t a t i o n  mass, s l u g s  
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A l t i t u d e  C y c l i n g  - Gas Dump and  Bal las t  Drop 

This computer program u s e s  t h e  same b a s i c  e q u a t i o n s  and  assump- 
t i o n s  as p r e v i o u s l y  d e s c r i b e d  e x c e p t  f o r  t h e  l o g i c  on mass c h a n g e s .  
I n  t h i s  program, t h e  change  i n  mass t o  t h e  pay load  i s  dropped  and  
n o t  added  t o  t h e  gas  mass. 

A l t i t u d e  C y c l i n g  - Pump and Dump Atmospher ic  Gases 

T h i s  program a d d s  a b a l l o n e t  (pumped g a s  r e c e i v e r )  t h a t  i s  
c o l l a p s i b l e .  A compresso r  r a t i o  e s t a b l i s h e s ,  i n  c o n j u n c t i o n  w i t h  
t h e  b a l l o n e t  volume, t h e  mass o f  gas t h a t  is  added  t o  t h e  s t a -  
t i o n .  The pump i s  assumed t o  o p e r a t e  t h r o u g h o u t  t h e  d e s c e n t  phase  
of t h e  c y c l e .  The added  gas  mass i s  d ropped  i n s t a n t l y  when t h e  
c y c l e  minimum a l t i t u d e  i s  r e a c h e d .  The compresso r  i s  a g a i n  o p e r -  
a t e d  when t h e  s t a t i o n  r e a c h e s  e q u i l i b r i u m  a l t i t u d e .  

A l t i t u d e  C y c l i n g  - Heat Source  

T h i s  program does  n o t  have  any  mass changes  b u t  a l l o w s  f o r  an 
i n t e r n a l  h e a t  t o  be g e n e r a t e d  a t  e q u i l i b r i u m  a l t i t u d e ,  s h u t  o f f  
d u r i n g  d e s c e n t ,  and t u r n e d  on a t  minimum a l t i t u d e  t o  produce  as-  
c e n t .  

DEPLOYMENT 

The deployment of a BVS h a s  been i n v e s t i g a t e d  f o r  t h e  t h r e e  
model a tmospheres  of NASA SP-3016. The deployment phase  w a s  i n i -  
t i a t e d  a t  70 km, s u b s o n i c  (M = 0 . 9 )  v e l o c i t y  and  a 90" f l i g h t -  
p a t h  a n g l e .  The p a r a c h u t e  l o a d s  do n o t  p r e s e n t  any  major  problems 
n o r  does  t h i s  m i s s i o n  a p p e a r  t o  d i c t a t e  new p a r a c h u t e  t e c h n o l o g y  
beyond t h a t  o f  w i t h s t a n d i n g  s t e r i l i z a t i o n .  The deployment sequence  
c o n s i s t e d  of deployment of a p a r a c h u t e ,  s u b s e q u e n t  deployment  and 
i n f l a t i o n  o f  t h e  b a l l o o n ,  r e l e a s e  of t h e  i n f l a t i o n  t a n k a g e  and 
p a r a c h u t e ,  a n d  e s t a b l i s h i n g  e q u i l i b r i u m  f l o a t a t i o n .  Two computer  
programs were deve loped  t o  a n a l y z e  t h e  deployment  phase .  The 
f i r s t  program w a s  u sed  t o  d e t e r m i n e  t h e  dynamic l o a d s  r e s u l t i n g  
from p a r a c h u t e  deployment .  The second  w a s  u sed  t o  a n a l y z e  t h e  
b a l l o o n  deployment and i n f l a t i o n  c h a r a c t e r i s t i c s  t h r o u g h  e s t a b l i s h -  
ment o f  e q u i l i b r i u m  f l o a t a t i o n .  The b a l l o o n  h a s  t o  be i n f l a t e d  
w i t h  s u f f i c i e n t  gas t o  produce  s u f f i c i e n t  " f r e e  l i f t "  (buoyancy)  
t o  r e v e r s e  t h e  s t a t i o n  downward v e l o c i t y ,  T h i s  i n f l a t i o n  re -  
q u i r e s  approx ima te ly  a 10% gas weight  o v e r  t h a t  r e q u i r e d  f o r  t h e  
b a l l o o n  a f t e r  e q u i l i b r i u m  h a s  been  e s t a b l i s h e d .  The e x c e s s  gas  
i s  v e n t e d  o f f  as t h e  b a l l o o n  r i s e s  t o  i t s  a l t i t u d e .  I n f l a t i o n  
above  t h e  e q u i l i b r i u m  a l t i t u d e  p r e s e n t s  a c o n t r o l  problem because  
o f  t h e  excess  d i f f e r e n t i a l  p r e s s u r e  t h a t  must be  c o n t r o l l e d .  
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P a r a c h u t e  

Model 
a tmos-  
phe re  

Mean 

Upper 

Lower 

P a r a c h u t e  deployment f o r  200- and 2000- lb  s t a t i o n s  w a s  a n a -  
l y z e d  f o r  t h e  t h r e e  model a tmospheres .  The most i m p o r t a n t  f a c -  
t o r s  were s n a t c h  f o r c e ,  opening shock  l o a d s ,  dynamic p r e s s u r e  
peaks ,  and maximum d e c e l e r a t i o n  of t h e  s t a t i o n s .  

Deployment Max dynamic Maximum Sna tch  Opening 
a l t i t u d e ,  p r  e s su re ,  dec e l e ra  t i o n ,  f o r c e ,  shock ,  

km PS f g l b  l b  

70 1 7  2 2  7 7  200 73 200 

70 49 156 1 1 2  200 78 000 

70 . 70 6 . 2  20 700 2 2  800 

The 200- lb  s t a t i o n  was deployed w i t h  a 1 6 . 4 - f t  d i a m e t e r  (meas- 
u r e d  ove r  t h e  canopy)  g u i d e  s u r f a c e  p a r a c h u t e  a t  t h e  i n i t i a l  c o n d i -  
t i o n s  p r e v i o u s l y  s t a t e d .  The s n a t c h  f o r c e  w a s  7000 l b  and  t h e  
open ing  shock  was 8300 l b .  These a r e  shown i n  f i g u r e  52. The 
p a r a c h u t e  was s i z e d  t o  produce a dynamic p r e s s u r e  of a p p r o x i m a t e l y  
1.0 ps f  f o r  deployment of t he  b a l l o o n .  The maximum d e c e l e r a t i o n  

w a s  1000 f t / s e c  and t h e  maximum dynamic p r e s s u r e  w a s  40 .5  p s f .  
2 

Deployment of t h e  200-lb s t a t i o n  i n  t h e  upper  and  lower  a t -  
mospheres a t  t h e  same a l t i t u d e ,  Mach number, and f l i g h t p a t h  a n g l e  
r e s u l t s  i n  a s n a t c h  f o r c e  of 10 200 l b s  and 1900 l b ,  and  open ing  
shock  l o a d s  of 8900 l b  and  2600 l b s  i n  t h e  upper  and  lower  a tmos-  
p h e r e s ,  r e s p e c t i v e l y ,  

The 2000- lb  c l a s s  s t a t i o n  w a s  dep loyed  wiLh t h e  u s e  of a 75 .5  
f t  (measured o v e r  t h e  canopy) g u i d e  s u r f a c e  p a r a c h u t e ,  a g a i n  s i z e d  
t o  produce  a p p r o x i m a t e l y  a 1.0 ps f  dynamic p r e s s u r e  f i e l d  f o r  t h e  
i n f l a t i o n  of t h e  b a l l o o n .  The t e r m i n a l  v e l o c i t y  a t  57 km i s  a p -  
p r o x i m a t e l y  8 2  f t / s e c .  The deployment was made a t  70 km i n  a l l  
t h r e e  model a tmosphe res .  Table 10 shows t h e  r e s u l t s  of t h e  com- 
p u t e r  r u n s .  The magni tude  o f  t h e  s n a t c h  f o r c e  and open ing  shock  
i s  s t r o n g l y  i n f l u e n c e d  by the s p r i n g  c o n s t a n t  of t h e  r i s e r s  and  
c o n n e c t i n g  c a b l e  ( b r i d l e ) .  I f  a s p r i n g  c o n s t a n t  of 1000 l b / i n .  
i s  u s e d ,  r a t h e r  t han  t h e  500 l b / i n .  u sed  f o r  t h e  above  cases ,  
t h e  s n a t c h  f o r c e  and opening  shock  a r e  134 000 and 101 200 l b .  
A s p r i n g  c o n s t a n t  of 200 l b / i n .  w i l l  d e c r e a s e  t h e  s n a t c h  f o r c e  
and open ing  shock  t o  35 200 and 42 000 l b ,  r e s p e c t i v e l y ,  i n  t h e  
mean d e n s i t y  a tmosphere .  F i g u r e  53 r e f l e c t s  t h e  b r i d l e  l o a d s  
a s  a f u n c t i o n  of t i m e  i n  the mean a tmosphe re .  

Tab le  10. - PARACHUTE DEPLOYMENT. 2000-LB STATION 
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Ba 1 1 oon 

Bal loon deployment f o r  200- and 2000- lb  s t a t i o n s  w a s  i n v e s t i -  
g a t e d  f o r  t h e  t h r e e  model a t m o s p h e r e s .  The p a r a m e t e r s  of p r i m a r y  
i n  t e r e s  t a r e  : 

1) Magnitude of a l t i t u d e  u n d e r s h o o t ;  

2 )  I n f l a t i o n  a l t i t u d e ;  

3 )  I n f l a t i o n  r a t e ;  

4 )  T i m e  t o  e s t a b l i s h  e q u i l i b r i u m ;  

5)  Amount of g a s  r e q u i r e d  i n  b a l l o o n .  

The computer r u n s  e s t a b l i s h e d  bounds f o r  t h e s e  p a r a m e t e r s .  

The fundamental  problem a s s o c i a t e d  w i t h  deployment  of a b a l -  
l o o n  from a d e s c e n d i n g  s t a t i o n  i s  t h e  means of  d e t e c t i n g  when t h e  
i n f l a t i o n  s h o u l d  t a k e  p l a c e .  I f  t h e  b a l l o o n  i s  i n f l a t e d  i n  one 
o p e r a t i o n  a t  an a l t i t u d e  above t h e  e q u i l i b r i u m  a l t i t u d e ,  t h e  s u p e r -  
p r e s s u r e  may b e  p r o h i b i t i v e  from a d e s i g n  s t a n d p o i n t .  F o r  example,  
i f  t h e  b a l l o o n  were i n f l a t e d  w i t h  t h e  amount of g a s  d e s i g n e d  f o r  
f l o a t a t i o n  a t  57 km w i t h  a s u p e r p r e s s u r e  of 6 mb, b u t  t h e  b a l l o o n  
w a s  a t  58 km i n  t h e  mean a t m o s p h e r e ,  t h e  s u p e r p r e s s u r e  would be 
20 mb. T h i s  c o u l d  r e s u l t  i n  a b a l l o o n  w e i g h t  p e n a l t y  of a p p r o x i -  
m a t e l y  300 l b  f o r  t h e  2000-lb hydrogen g a s  s t a t i o n .  
i s  i n f l a t e d  a t  56 km, s u f f i c i e n t  gas must be i n j e c t e d  t o  produce 
a m a r g i n  of buoyancy r e s u l t i n g  i n  a gas  s y s t e m  w e i g h t  p e n a l t y .  
A method t o  minimize  these problems o f  i n f l a t i o n  i s  t o  i n i t i a t e  
t h e  i n f l a t i o n  a t  a n  a l t i t u d e  above e q u i l i b r i u m  a l t i t u d e  and con- 
t r o l  i n f l a t i o n  w i t h  t i m e  m a i n t a i n i n g  a maximum d i f f e r e n t i a l  p res -  
s u r e  i n  t h e  b a l l o o n .  

I f  t h e  b a l l o o n  

I n f l a t i o n  w a s  i n i t i a t e d  by a l t i t u d e  f o r  t h e  a n a l y s e s  t o  d a t e .  
However, the  u n c e r t a i n t y  of t h e  a tmospheres  d i c t a t e s  u s e  of  measure-  
ments  such a s  d e n s i t y ,  dynamic p r e s s u r e ,  and  s t a t i c  p r e s s u r e  f o r  
deployment.  This  w i l l  impose s t r i n g e n t  a c c u r a c y  r e q u i r e m e n t s  on 
t h e  s e n s o r s .  

Typica l  a l t i t u d e  p r o f i l e s  f o r  t h e  deployment  phase  a re  shown 
i n  f i g u r e  54 f o r  t h e  t h r e e  a t m o s p h e r e s  w i t h  a 2000-lb s t a t i o n .  A 
t y p i c a l  gas i n f l a t i o n  p r o f i l e  i s  shown i n  f i g u r e  55, which shows 
t h e  10% weight  p e n a l t y  c a u s e d  by t h e  u n d e r s h o o t ,  i n  t h i s  case a p -  
proximate ly  1 km i n  t h e  mean d e n s i t y  a t m o s p h e r e .  
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ALTITUDE C Y C L I N G  

A l t i t u d e  c y c l i n g  was s t u d i e d  w i t h  f o u r  methods of a c c o m p l i s h -  
i n g  t h e  c y c l i n g .  These were  (1) g a s  dump and makeup, ( 2 )  g a s  dump 
and  b a l l a s t  r e l e a s e ,  (3) pumping and  dumping a t m o s p h e r i c  g a s e s ,  
and ( 4 )  h e a t  c y c l i n g .  A computer program was deve loped  f o r  each  
method and  e s t a b l i s h e d  t h a t  the f i r s t  t h r e e  methods a r e  f e a s i b l e  
b u t  h e a t  c y l i n g  i s  p r o h i b i t i v e  b e c a u s e  o f  t h e  h i g h  h e a t i n g  r a t e  
r e q u i r e d .  I t  t a k e s  from 50 t o  100 B t u / s e c  h e a t  i n p u t  t o  c y c l e  a 
2000-lb c l a s s  s t a t i o n .  Th i s  would r e q u i r e  a p p r o x i m a t e l y  a 1500- 
t o  3000- lb  i s o t o p e  h e a t e r .  

Gas Dump and  Makeup 

C y c l i n g  by dumping s u f f i c i e n t  i n f l a t i o n  g a s e s  t o  descend  and  
a d d i n g  gas  t o  t h e  b a l l o o n  when t h e  minimum d e s i r e d  a l t i t u d e  i s  
r e a c h e d  i s  f e a s i b l e ,  b u t  does have  a l i m i t  i n  t h e  number of c y c l e s  
t h a t  c a n  be per formed.  

A 2000-lb c l a s s  s t a t i o n  i n f l a t e d  w i t h  hydrogen  g a s  h a s  been 
s t u d i e d  i n  t h e  t h r e e  model a tmosphe res .  A r a n g e  of p e r c e n t a g e s  
of dump and makeup show t h a t  3 c y c l e s  t o  10 km a r e  f e a s i b l e .  The 
g a s  makeup sys t em r e q u i r e s  a p p r o x i m a t e l y  60% of t h e  o r i g i n a l  s u s -  
pended w e i g h t .  Th i s  s t a t i o n  c a n  s u p p o r t  800 l b  a t  e q u i l i b r i u m .  
The 3 c y c l e s  a l l o w  f o r  a suspended w e i g h t  of 370 l b  f o r  t h e  pay- 
l o a d .  T h i s  i s  s u f f i c i e n t  t o  a l l o w  t h e  l a r g e s t  s c i e n c e  pay load  
i d e n t i f i e d  t o  d a t e  t h a t  i s  c o n s i d e r e d  f o r  t h i s  m i s s i o n .  

A t y p i c a l  t r a j e c t o r y  f o r  e a c h  a tmosphe re  i s  shown i n  f i g u r e  
56. The c y c l e  p e r i o d  r anges  from 3 h r  i n  t h e  lower  d e n s i t y  a t -  
mosphere t o  o v e r  10 h r  i n  the uppe r  d e n s i t y  a tmosphe re .  T h i s  re-  
q u i r e s  t h a t  t h e  pay load  b e  s u b j e c t e d  t o  an  ambien t  env i ronmen t  
above  160°F f o r  a p p r o x i m a t e l y  7 h r .  The c y c l e  p e r i o d  i s  d e c r e a s e d  
i f  t h e  p e r c e n t a g e  of dump and makeup i s  i n c r e a s e d .  F i g u r e  57 shows 
t h r e e  t r a j e c t o r i e s  i n  t h e  mean a tmosphe re  f o r  a r a n g e  of amounts 
of dump and makeup. The r e l a t i o n s h i p  be tween p e r c e n t a g e  dumped 
and  c y c l e  t i m e  i s  shown i n  f i g u r e  58. A l s o  shown i s  t h e  r e s u l t -  
i n g  t i m e  when t h e  s t a t i o n  i s  s u b j e c t e d  t o  a n  ambien t  t e m p e r a t u r e  
above  160°F.  The minimum c y c l e  a l t i t u d e  i s  a l s o  a f a c t o r  i n  t h e  
c y c l e  t i m e .  This  e f f e c t  i s  shown i n  f i g u r e  59. A t y p i c a l  a m -  
b i e n t  t e m p e r a t u r e  p r o f i l e  i s  shown i n  f i g u r e  60 f o r  a c y c l e  b e -  
tween 57 and 10 km i n  t h e  mean a tmosphe re .  
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The amount of s u p e r p r e s s u r e  i n  t h e  b a l l o o n  h a s  a n  e f f e c t  on 
t h e  amount o f  g a s  r e q u i r e d  t o  be dumped a n d ,  t h e r e f o r e ,  g a s  t o  be 
added .  The s u p e r p r e s s u r e  h a s  t o  b e  v e n t e d  and t h e  b a l l o o n  h a s  t o  
become s l ackened  t o  i n i t i a t e  and s u s t a i n  d e s c e n t .  When t h e  v e n t -  
i n g  i s  i n i t i a t e d ,  t h e  s t a t i o n  w i l l  r i s e  a small  i n c r e m e n t  because  
of t h e  l o s s  of mass of v e n t e d  g a s .  T h i s  a l l o w s  even more g a s  t o  
be v e n t e d  because  of t h e  r e d u c e d  ambien t  p r e s s u r e .  Th i s  c o n t i n u e s  
u n t i l  t h e  b a l l o o n  becomes s l a c k ,  which t h e n  p roduces  d e c e n t  of t h e  
s t a t i o n .  The 20% dump c o u l d  b e  d e c r e a s e d  t o  15% by d e c r e a s i n g  t h e  
i n i t i a l  s u p e r p r e s s u r e  from 10 t o  5 mb. 

The amount o f  g a s  makeup i s  c r i t i c a l  as  shown i n  f i g u r e  61. 
The 9% makeup i n i t i a t e d  a s c e n t  b u t  c o u l d  n o t  s u s t a i n  i t .  The s t a -  
t i o n  s lowly  descended  a g a i n  t o  t h e  10 km, which t r i g g e r e d  a n o t h e r  
i n c r e m e n t a l  a d d i t i o n  of g a s  ( t o t a l  of  1 2 % ) ,  which  w a s  s u f f i c i e n t  
t o  a l l o w  r e t u r n  of t h e  s t a t i o n  t o  e q u i l i b r i u m  a l t i t u d e .  

Gas Dump and B a l l a s t  Drop 

A l t i t u d e  c y c l i n g  by dumping gas  and d r o p p i n g  b a l l a s t  (when 
minimum a l t i t u d e  i s  r e a c h e d )  i s  v e r y  c l o s e  i n  e f f i c i e n c y  t o  t h a t  
of gas  dump and makeup. Three  c y c l e s  w i t h  t h e  2000- lb  s t a t i o n  
a l l o w s  f o r  a 350- lb  pay load .  The b a l l a s t  d ropped  f o r  t h e s e  3 
c y c l e s  was between 40 and 80 l b s ,  which can  be a l l o c a t e d  t o  l a r g e  
d r o p  sondes i d e n t i f i e d  i n  t h e  i n s t r u m e n t a t i o n  s t u d y .  AS i n  t h e  
g a s  dump and makeup mode, i n i t i a l  s u p e r p r e s s u r e  does  a f f e c t  t h e  
amount of gas  r e q u i r e d  t o  b e  dumped. The amount of b a l l a s t  d ropped  
p r o d u c e s  the l a r g e s t  e f f e c t  i n  t h i s  mode. F i g u r e  62 shows t h e  
t r a j e c t o r i e s  f o r  a r a n g e  of p e r c e n t a g e s  dropped  i n  t h e  uppe r  den- 
s i t y  a tmosphere .  A t y p i c a l  ambien t  t e m p e r a t u r e  p r o f i l e  f o r  t h e  
uppe r  d e n s i t y  a tmosphe re  i s  shown i n  f i g u r e  63. T h i s  i n d i c a t e s  
t h a t  as  many a s  6 .7  h r  may b e  s p e n t  i n  a n  env i ronmen t  above 160°F. 
The r e l a t i o n s h i p  between t h i s  t i m e  and  p e r c e n t a g e  of g a s  dumped 
and  b a l l a s t  d ropped  i s  shown i n  f i g u r e  64. The e f f e c t  of p e r c e n t -  
a g e  of gas dumped and  b a l l a s t  dropped  on c y c l e  t i m e  i s  shown i n  
f i g u r e  65. T h i s  i n d i c a t e s  t h a t  a 20% dump and  b a l l a s t  d rop  w i l l  
p roduce  a c y c l e  t i m e  of a p p r o x i m a t e l y  6 h r  i n  t h e  mean a tmosphe re .  

Pump and  Dump Atmospher ic  Gases 

A l t i t u d e  c y c l i n g  a b a l l o o n  by x s e  o f  pumping and  dumping a t -  
mosphe r i c  g a s e s  i n t o  a r e c e i v e r  ( b a l l o n e t )  i s  shown t o  be f e a s i -  
b l e ,  b u t  r e s u l t s  i n  a n  i n i t i a l  w e i g h t  r e q u i r e m e n t  of s e v e r a l  hun- 
d r e d  pounds. 
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A 2000- lb  s t a t i o n  i n f l a t e d  wi th  hydrogen g a s  a t  a s u p e r p r e s -  
s i i r s  o f  I!! x b  a t  57 km i n  t h e  tnean d e n s i t y  a tmosphere  h a s  been  
i n v e s t i g a t e d  w i t h  c y c l i n g  through t h i s  mode. To dLhLeVE 2 d e s i r -  
a b l e  d e s c e n t  v e l o c i t y ,  a b a l l o n e t  o f  o v e r  2000 c u  f t  i s  r e q u i r e d .  
T h i s  cou ld  be l o c a t e d  w i t h i n  the  a d a p t e r  cone between b a l l o o n  and 
payload  gondo la .  A c o n s t r u c t i o n  o f  f i n e  t i t a n i u m  w i r e  mesh w i t h  
P B I  f i l m  as t h e  g a s  b a r r i e r  would weigh  a p p r o x i m a t e l y  366 l b s .  
T h i s  would be used w i t h  a s i n g l e - s t a g e ,  c e n t r i f u g a l  compressor  
w i t h  a p r e s s u r e  r a t i o  of 4.5 and approx ima te  w e i g h t  o f  3 l b .  The 
power s o u r c e  would c o n s i s t  o f  a r a d i o i s o t o p e  the rma l  g e n e r a t o r  a l -  
lowing  t h e  punp a s m a l l  flow r a t e  o f  72 l b / h r  a t  a l t i t u d e .  A g a s  
b a l l a s t  o f  134 l b s  i s  r e q u i r e d  so  a p p r o x i m a t e l y  2 h r s  of  pumping 
i s  r e q u i r e d  t o  o b t a i n  t h i s  b a l l a s t .  The pump d o e s  n o t  have t o  
c o n t i n u e  pumping t h r o u g h o u t  t h e  d e s c e n t  p h a s e .  I f  i t  d o e s  pump 
c o n t i n u o u s l y  t h e  v e l o c i t y  i s  i n c r e a s e d  s i g n i f i c a n t l y  and a l l o w s  
a comple te  a l t i t u d e  c y c l e  t o  be comple ted  i n  l e s s  t h a n  2 h r  a s  
shown i n  f i g u r e  66 .  

The r e l a t i o n s h i p  between b a l l o n e t  volume and c y c l e  t i m e ,  w i t h  
c o n t i n u o u s  pump o p e r a t i o n  du r ing  t h e  d e s c e n t  phase  i s  shown i n  
f i g u r e  67. A b a l l o n e t  volume o f  2000 c u  f t  d o e s  n o t  a l l o w  t h e  
s t a t i o n  t o  c y c l e .  The s t a t i o n  s e t t l e d  o u t  a t  a lower a l t i t u d e  
o f  a p p r o x i m a t e l y  55 km. 

A m o r e  a c c e p t a b l e  method wi th  minimum power consumpt ion  i s  t o  
j u s t  o p e r a t e  t h e  pump u n t i l  s u f f i c i e n t  b a l l a s t  is a h t a i n e d .  T h i s  
w i l l  i n c r e a s e  t h e  c y c l e  t i n e  by s e v e r a l  h o u r s ,  b u t  may p r e s e n t  a 
t e m p e r a t u r e  p r o b l e n  f o r  t h e  payload .  

The ainount o f  s u p e r p r e s s u r e  i n i t i a l l y  i n  t h e  b a l l o o n  i n f l u e n c e s  
t h e  s i z e  o f  b a l l o n e t  r e q u i r e d .  For  exa inple ,  i f  t h e  b a l l o o n  were  
e s s e n t i a l l y  a t  z e r o  s u p e r p r e s s u r e ,  t h e  above b a l l o n e t  voluLne i s  
d e c r e a s e d  t o  1110 c u  f t  (d iameter  of  12.85 f t ) .  So t h e  lower  t h e  
s u p e r p r e s s u r e  t h e  l e s s  t h e  b a l l a s t  r e q u i r e d .  The s u p e r p r e s s u r e  
c o n t r o l s  must be c o n s i d e r e d  t o  e s t a b l i s h  a minimun a c c e p t a b l e  
l i m i t  on s u p e r p r e s s u r e .  

The lower t h e  i n i t i a l  a l t i t u d e  of  t h e  s t a t i o n ,  t h e  smaller  t h e  
b a l l o n e t  volume r e q u i r e d .  A t  45 km, t h e  10-mb s u p e r p r e s s u r e  b a l -  
l oon  r e q u i r e s  a b a l l a s t  of  92  l b s  o r  a volume o f  600 c u  f t  (10.5 
f t  d i a m e t e r ) .  However, t h e  p r e s s u r e  r e q u i r e m e n t  f o r  t h e  b a l l o n e t  
i s  much g r e a t e r ,  s o  a w e i g h t  s a v i n g s  canno t  be  r e a l i z e d .  

The i m p o r t a n t  p a r a n e t e r s  a s s o c i a t e d  w i t h  t h e  pump and dump 
c o n c e p t  a r e :  (1)  u n l i m i t e d  number of  c y c l e s  a r e  a v a i l a b l e ,  and 
(2) lower e q u i l i b r i u m  a l t i t u d e s  a r e  p o s s i b l e  t o  m a i n t a i n .  
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Heat  Cyc 1 i n g  

A l t i t u d e  c y c l i n g  by u s e  of a h e a t  s o u r c e  i s  n o t  f e a s i b l e  f o r  
t h i s  mi s s ion .  To b e  p r a c t i c a l ,  from a w e i g h t  s t a n d p o i n t ,  t h e  h e a t  
i n p u t  would have  t o  be l ess  t h a n  20 B t u l s e c ,  which r e s u l t s  i n  a n  
i s o t o p e  h e a t  s o u r c e  of 600 l b s .  T h i s  mode w a s  i n v e s t i g a t e d  be-  
c a u s e  i t  would a l l o w  f o r  an  u n l i m i t e d  number o f  c y c l e s .  It  was 
r e a l i z e d  from t h e  s t a r t  t h a t  d e s i g n  problems would be a ma jo r  
drawback t o  t h i s  scheme. 

A range o f  h e a t i n g  r a t e s  have  been i n v e s t i g a t e d  f o r  a 2000- 
l b  c l a s s  s t a t i o n  u s i n g  hydrogen and  he l ium g a s e s .  The upper  den- 
s i t y  atmosphere r e q u i r e d  t h e  h i g h e s t  h e a t i n g  r a t e s  because  of i t s  
l o w e s t  molecular  w e i g h t  ( 2 9 . 6 ) .  T h i s  r e q u i r e d  t h a t  t h e  h e a t  s o u r c e  
be a b l e  t o  e s t a b l i s h  a t e m p e r a t u r e  d i f f e r e n t i a l  of a p p r o x i m a t e l y  
150°K above t h a t  of t h e  ambien t  t e m p e r a t u r e  t o  c r e a t e  s u f f i c i e n t  
buoyancy t o  r e v e r s e  t h e  d i r e c t i o n  of t h e  f a l l i n g  s t a t i o n .  F o r  a n  
u n i n s u l a t e d  b a l l o o n  c o n t a i n i n g  hydrogen ,  t h e  h e a t  r e q u i r e d  t o  
c y c l e  between 79 and 25 km i s  a p p r o x i m a t e l y  100 B t u / s e c .  Helium 
gas  r e q u i r e s  a p p r o x i m a t e l y  75 B t u l s e c .  I f  t h e  mean o r  lower  den- 
s i t y  atmosphere were e n c o u n t e r e d ,  t h e  h e a t i n g  r e q u i r e m e n t  would 
be d e c r e a s e d  t o  50 B t u / s e c  . 

An i s o t o p e  h e a t  s o u r c e ,  u s i n g  P lu ton ium 238, would weigh more 
than  2000 l b s  t o  s u p p l y  75 B t u / s e c .  F i g u r e  68 i s  a t y p i c a l  t ra -  
j e c t o r y  f o r  t h e  2000-lb s t a t i o n ,  hydrogen  gas  i n f l a t e d  i n  t h e  
upper  d e n s i t y  a tmosphe re .  The p e r i o d  when t h e  pay load  i s  sub-  
j e c t e d  t o  an  ambien t  envi ronment  a b o u t  160°F i s  a p p r o x i m a t e l y  
3 . 5  h r .  The r e l a t i o n s h i p  between h e a t i n g  r a t e  and c y c l e  p e r i o d  
i s  shown i n  f i g u r e  69 f o r  t h e  2000-lb s t a t i o n  i n  t h e  mean den- 
s i t y  a tmosphere .  

Us ing  an i n s u l a t e d  b a l l o o n  d i d  n o t  r e d u c e  t h e  h e a t i n g  r a t e  t o  
a n  a c c e p t a b l e  r a t e .  A doub le -wa l l ed  b a l l o o n  w i t h  t h e r m o f e l t  i n -  
s u l a t i o n  was i n v e s t i g a t e d .  I n s u l a t i o n  t h i c k n e s s e s  of 1 t o  6 i n .  
(6  i n .  i s  n o t  p r a c t i c a l  f o r  a b a l l o o n  t h a t  h a s  t o  be  packed f o r  
t h i s  t y p e  m i s s i o n )  w i t h  h e a t i n g  ra tes  up t o  20 B t u l s e c  d i d  n o t  
a l l o w  t h e  s t a t i o n  t o  c y c l e  i n  t h e  upper  d e n s i t y  a tmosphe re .  

Comparison 

The t h r e e  f e a s i b l e  methods of c y c l i n g  have  been compared f o r  
t h e i r  e f f i c i e n c i e s ,  s e n s i t i v i t y  t o  a t m o s p h e r e s ,  l i m i t a t i o n s ,  com- 
p l e x i t y ,  and number  of c y c l e s  f e a s i b l e .  The compar i sons  a re  shown 
i n  f i g u r e  70 and T a b l e  11. 



TABLE 11, - ALTITUDE CYCLE METHOD SUMMARY 

Gas dump and 
makeup 

Gas dump and 
b a l l a s t  

Pump and 
dump atmos-  
p h e r e  g a s e s  

Heat  c y c l i n g  

P r a c t i c a l  
l i m i t a t i o n s  

Amount o f 
makeup g a s  
c a r r i e d  a s  
payload  

B a l l a s t  shou ld  
be u s a b l e  i n -  
s t rume n t  a t i o n  

B a l l o n e t  v o l -  
ume and com- 
p r e s s o r  r a t i o  

Number o f  
c y c l e s  
f e a s i b l e  

3 

3 

Limi ted  
by a v a i l -  
ab l e  
power 

L imi ted  
by a v a i l -  
a b l e  
power 

Number o f  
f u n c t i o n s  
r e q u i r e d  

S e n s i t i v i t y  t o  
extreme a tmospheres  

I n s e n s i t i v e  e x c e p t  f o r  
a s c e n t  and d e s c e n t  
r a t e s  

I n s e n s i t i v e  e x c e p t  f o r  
a s c e n t  and d e s c e n t  
r a t e s  

S e n s i t i v e  - m o l e c u l a r  
w e i g h t  and tempera-  
t u r e  d e t e r m i n e  b a l l a s t  
added 

S e n s i t i v e  - m o l e c u l a r  
w e i g h t  a t  a tmosphe re  
d e t e r m i n e s  r a t e  o f  
h e a t  i n p u t  r e q u i r e d  

STATION CLASSES 

T h r e e  c l a s s e s  of  s t a t i o n s  have  been i d e n t i f i e d  f o r  t h i s  m i s -  
s i o n ,  A 2 0 0 - l b  c l a s s  appears  t o  be t h e  minimum w e i g h t  s t a t i o n  
t h a t  c a n  pe r fo rm a noncyc l i c  m i s s i o n  w i t h  a n  a c c e p t a b l e  s c i e n t i f i c  
p a y l o a d .  The 2000- lb  c l a s s  s u p p o r t s  t h e  t o t a l  complement o f  s c i -  
e n c e  i d e n t i f i e d  i n  t h e  i n s t r u m e n t a t i o n  t a s k  and a l s o  w i l l  a l l o w  
f o r  t h e  c y c l i c  mode t o  be  used.  The 5000- lb  s t a t i o n  i s  t h e  maxi- 
mum a l lowed  f o r  t h i s  s t u d y .  

200- lb  S t a t i o n  

A w e i g h t  breakdown f o r  t h i s  s t a t i o n  i s  shown i n  f i g u r e  7 1 .  
T h i s  s t a t i o n  i s  d e s i g n e d  t o  f l o a t  a t  a n  a l t i t u d e  o f  57  km i n  t h e  
mean d e n s i t y  a tmosphe re .  T h i s  w i l l  e n s u r e  f l o a t i n g  between 40 and 
80 km i n  t h e  lower  and upper d e n s i t y  a t m o s p h e r e s ,  r e s p e c t i v e l y .  
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Mylar f i l m  i n  b i l a m i n a t e  form of 0 . 5  m i l  by 0 . 5  m i l  s h e e t s  c a n  
be used  f o r  t h i s  a l t i t u d e  r a n g e .  The d e s i g n  o f  6 mb s u p e r p r e s s u r e  
p roduces  a s t r e s s  of l e s s  t h a n  7 0 0 0  p s i ,  which  a l l o w s  f o r  a s a f e -  
t y  f a c t o r  o n  y i e l d  of a p p r o x i m a t e l y  2.0. 

2000- lb  S t a t i o n  ( N o n c y c l i c )  

Th i s  c l a s s  s t a t i o n  i s  shown i n  f i g u r e  7 2 .  Again ,  t h i s  w e i g h t  
s t a t e m e n t  i s  shown f o r  a Mylar b a l l o o n ,  6-mb s u p e r p r e s s u r e  of h y -  
d r o g e n .  The hydrogen  i s  t r a n s p o r t e d  a s  a h i g h - p r e s s u r e  g a s .  The 
s t a t i o n  shown f l o a t s  be tween 40 and 80 km i n  t h e  ex t r eme  a tmos -  
p h e r e s .  T h i s  s t a t i o n  does  n o t  c y c l e ,  b u t  can  c a r r y  a l a r g e  com- 
p lement  o f  d r o p  s o n d e s .  

2000- lb  S t a t i o n  ( C y c l i c )  

The c y c l i c  s t a t i o n  demands use o f  a h i g h - t e m p e r a t u r e  mater ia l .  
For  t h e  s t a t i o n  shown i n  f i g u r e  7 3 ,  PBI f i l m  i s  assumed.  T h i s  new 
m a t e r i a l  h a s  a n  o p e r a t i n g  r ange  above 675°K (10 km i n  t h e  uppe r  
d e n s i t y  a tmosphe re ) .  

Three c y c l e s  from 57 km ( i n  t h e  mean a t m o s p h e r e )  t o  10 km a r e  
assumed by use  of t h e  dump and g a s  makeup method. Hydrogen g a s  
i s  s t o r e d  i n  i n d i v i d u a l  t a n k s  f o r  each  c y c l e  and r e l e a s e d  when 
e m p t i e d .  

5000- lb  S t a t i o n  

F igu re  7 4  i n d i c a t e s  a w e i g h t  breakdown f o r  t h i s  s i z e  s t a t i o n .  
Hydrogen g a s  i s  u s e d  f o r  i n i t i a l  i n f l a t i o n  and f o r  e a c h  of t h e  
c y c l e s .  Three  - c y c l e  c a p a b i l i t y  i s  shown. However , t h e  l a r g e  p a y -  
l o a d  i n d i c a t e s  t h a t  f i v e  o r  s i x  c y c l e s  c o u l d  be c o n s i d e r e d .  

CONCLUSION S 

A l t i t u d e  c y c l i n g  i s  f e a s i b l e  f o r  s t a t i o n s  i n  t h e  2000 and 
5000- lb  c l a s s .  I t  i s  n o t  f e a s i b l e  t o  c y c l e  a 200 pound c l a s s  
s t a t i o n .  Two methods o f  c y c l i n g  a r e  a t t r a c t i v e  f o r  pe r fo rming  
t h r e e  complete c y c l e s  t o  a minimum a l t i t u d e  of 10 km from a n  a l -  
t i t u d e  above 5 0  km i n  t h e  mean d e n s i t y  model a t m o s p h e r e .  These 
two methods a r e  g a s  dump and makeup and g a s  dump and b a l l a s t  d r o p .  
Three  c y c l e s  can  b e  per formed f o r  a p p r o x i m a t e l y  50% o f  t h e  i n i t i a l  
suspended mass of t h e  s t a t i o n .  The b a l l a s t  c a n  be  i n  t h e  form o f  
s c i e n t i f i c  pay loads  (d rop  s o n d e s ) .  



A t h i r d  method of c y c l i n g ,  pumping and dumping a t m o s p h e r i c  
g a s e s ,  i s  f e a s i b l e  and a t t r a c t i v e  f o r  p roduc ing  a l a r g e  number 
o f  c y c l e s .  T h i s  method i s  l i m i t e d  o n l y  by t h e  a v a i i a b i e  power 
f o r  compresso r .  T h i s  can  be performed f o r  a p p r o x i m a t e l y  60% of 
t h e  suspended  mass of t he  s t a t i o n .  

Deployment o f  t h e  s t a t i o n  by a p a r a c h u t e  t o  produce  a low-dy- 
namic p r e s s u r e  f i e l d  f o r  t h e  b a l l o o n  a p p e a r s  f e a s i b l e .  Deploy- 
ment was l i m i t e d  t o  s u b s o n i c  i n i t i a t i o n  f o r  t h i s  s t u d y .  

A s u r v e y  f o r  b a l l o o n  m a t e r i a l s  i n d i c a t e s  t h a t  a m a t e r i a l  o r  
compos i t e  e x i s t s ,  o r  i s  i n  development t h a t  c a n  be used  f o r  t h i s  
m i s s i o n .  The most p romis ing  m a t e r i a l s  a r e  p o l y e s t e r  f i l m  (Myla r ) ,  
po ly imide  ( K a p t o n ) ,  and polybenzimidazole  f i l m  and  f i b e r  ( P B I ) .  
S e v e r a l  p h y s i c a l  p r o p e r t i e s  of  t h e s e  m a t e r i a l s  a r e  m i s s i n g  o r  
l i m i t e d  and r e q u i r e  f u r t h e r  t e s t i n g  o r  d e t e r m i n a t i o n .  Develop- 
ment o f  f a b r i c a t i o n  t e c h n i q u e s  and c o n t r o l s  demanded by t h i s  m i s -  
s i o n  i s  n e c e s s a r y .  

Three i n f l a t i o n  g a s e s  should  be c o n s i d e r e d  f o r  t h i s  m i s s i o n  
- -  hydrogen ,  he l ium,  and decomposed h y d r a z i n e .  Hydrogen t r a n s -  
p o r t e d  a s  a c r y o g e n i c  f l u i d  produces t h e  l i g h t e s t  g a s  sys t em f o r  
t h e  2000- lb  o r  l a r g e r  s t a t i o n s .  C a r r i e d  a s  a h i g h - p r e s s u r e  g a s ,  
hydrogen  p roduces  t h e  l a r g e s t  payload  f o r  t h e  2 0 0 - l b  c lass  s t a -  
t i o n .  Hydraz ine  , decomposed wi th  a spon taneous  c a t a l y s t  and 
c o o l e d  w i t h  ammonia vapor  i s  nex t  i n  sys t em e f f i c i e n c y .  Ee l ium 
i s  s l i g h t l y  l e s s  e f f i c i e n t  than h y d r a z i n e .  
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F i g u r e  1 .  - Balloon/Pdyload-Apex Flouiried S y s t e m  
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Figure 3. - Balloon/Payload-Suspended System 

Figure 4. - I n t e g r a l  Paraballoon System 55 
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Figure 5 .  - S e p a r a b l e  P ~ r a h a l l o o n  S y s t e m  
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r a d i a t o r  

I s o t o p e  
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F i g u r e  9 .  - Hea t  C y c l i n g  

S t a t i c  l i f t ,  L ? ,  1<g/m3 

F i g u r e  10. - S t a t i c  L i f t  C. ipaci ty  f o r  Hydrogen i n  Tempera tu re  E q u i l i b r i u m  
w i i h  Atmospliere - 10% S u p e r p r e s s u r e  
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F i g u r e  11. - S t a t i c  L i f t  C a p a c i t y  f o r  He l ium i n  T e m p e r a t u r e  E q u i l i b r i u m  
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F i g u r e  12.  - S t a t i c  L i f t  C a p a c i t y  f o r  Decomposed H y d r a z i n e  (mg = 12.60) i n  

T e m p e r a t u r e  E q u i l i b r i u m  w i t h  Atmosphere  - 10% S u p e r p r e s s u r e  
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F i g u r e  13. - D e n s i t y  of  F i v e  Gases  i n  Tempera tu re  E q u i l i b r i u m  w i t h  
Mean D e n s i t y  Atmosphere 

I 
=: 

- - - Hydrogen 
- Helium 

_____ Methane 
Decomposed ammonia 

Decomposed h y d r a z i n e  

- 

- 

- 

- 

I I 1 I l l l l  I I I 1 1 1 1 1  

10-5 10-4 lo-2  10-1 

M Y 

m 

Y c 
0 c 

Mass of g a s ,  kg  

F i g u r e  14. - Tank Mass f o r  T r a n s p o r t i n g  Hydrogen Gas a t  4500 p s i a  
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F i g u r e  15. - Tank Mass f o r  T r a n s p o r t i n g  Helium Gas a t  4500 p s i a  
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F i g u r e  16. - Tank Mass f o r  T r a n s p o r t i n g  Hydraz ine  ( w i t h  23% Ammonia 
A d d i t i o n )  a t  300 p s i a  (M = 12.60) 
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F ~ g u r e  1 7 .  - T r a n s i t  Losse,  f o r  1.1qu’d Hydrogen ,  145-D.,y T r a n s ~ t ,  
2 0 ° C  . h h i e n t  rernperature for T. t a n i u m  T a n k  w i t h  
Multilayer, “ l u m ~ n i z e d  Mylar  

F i n a l  mass of l i q u i d  h v d r o g e n ,  kg 

F i g u r e  18. - I n i t i a l  Mass o f  C r y o g e n i c  Hydrogen  S y s t e m  
t o  Dpliver L i q u i d  Hydrogen  t o  r e n u s  w i t h  
145-Day Mission 

I x l o 2  
Mass l o f t e d ,  kg 

F i g u r e  19. - Volume of  Hydrogen Superpressure (0.3%) Balloon i n  Upper 
D e n s i t y  htmospliere a t  75  km 

6 2  



2 
0 2 6 10 14 18 22  26 30 x 10 

Mass l o f t ed ,  kg 

Figure 20. - Volume of Helium Superpressure (0.3%) Balloon i n  Upper  Density 
Atmosphere a t  75 km 
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Figure 21 .  - Volume o f  Hydrazine Superpressure (0.3%) Balloon i n  Upper Density 
Atmosphere a t  75 km 
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F i g u r e  22. - Elass o f  Hydri,gen Gas Requ i red  t o  L o f t  Var ious  Masses t o  75 km 
i n  Upper D e n s i t y  Atmosphere  (0.3% S u p e r p r e s s u r e )  

Mass l o f t e d ,  kg 

F i g u r e  23. - Mass of  Helium Gas Requ i red  t o  L o f t  Var ious  Masses  t o  75 km in 
Upper D e n s i t y  Atmosphere  (0.3% S u p e r p r e s s u r e )  
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F i g u r e  24. - Mass o f  Hydrazine Gas Requi red  t o  L o f t  V a r i o u s  Masses t o  75 km i n  
Upper D e n s i t y  Atmosphere (0.3% S u p e r p r e s s u r e )  
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F i g u r e  25. - Mass of  Hydrogen Gas Sys tem Requi red  t o  L o f t  Var ious  Masses t o  75 km 
i n  Upper Dens i ty  Atmosphere (0.3% S u p e r p r e s s u r e )  
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Figure 29. - Hydrogen Gas System Volume for  Various Gas System Masses (Hydrogen Gzs at 4500 psia) 
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S ii p ET 1, I- e s s u r  e , ?b 

1 . 1  1 . 2  1 . 3  1 . 4  1 . 5  1 . 6  1 . 7  
Hdndlc + i n s p e c t -  L a y o u t -  Assemble  -Wrap'Make e x t e r n d l  - T e s t  & 
r a w  m a t e r i a l s  & c u t  j o i n ,  f a s t e n  a t t a c h m e n t s  i n s p e c t  

F i f i u r c  i i .  - E f l c c t  of S u p e r p r e s s c r e  o n  PLiylo,ici f o r  Model 
A\tmnsptieres a t  75 km 

1 .8  
- P a c k ' S t e r i l i z e  

1 
F a h r i c , i t e  a n d  t i s 1  m i s s i o n  

F i g u r e  3 6 .  - Comple te  M i s s i o n  Sequence  

Env i ronmen ta l  f a c t o r s  

H a n d l i n g  - r o l l i n g ,  u n r o l l i n g ,  s p r e a d i n g ,  m a r k i n g ,  c u t t i n g ;  
Mechan ica l  11,indl i n g  o f  empty ha1 l o o n ;  
I n f l a t i o n ;  
Leak d e t e c t i o n  - l e a k a g e ,  a c c e s s  fo r  l e a k  d e t e c t i o n ;  
D e i l a t i o n  a n d  ? : i rk ing  - h a n d l i n g  o f  empty balloon; 
Cornpressivn - remvve a l l  g a s ,  t e m p e r a t u r e ,  l o c a l  s t r e s s e s ,  
a l l o w ~ i b l e  p L i c k i n g  p r e s s u r e ,  a l l o w a b l e  p a c k i n g  d e n s i t y ;  
S t e r i l i z , i L i o n  t e m p e r a t u r e  (135°C + l int  s p o t s )  ; 
Gas c o m p a t i h i l i t y  - h e l i u m ,  h y d r o g e n ,  ammoni,i, h y d r a z i n e ,  
m e t h n e ,  e t h y l e n e  o x i d e .  

F i g u r e  37. - F d b r i c c i t i v n  and T e s t  F d c t o r s  

0 



P I  Launch 

2 . 1  
P r e l a u n c h  com- 
p l e t e  v e h i c l e  
t e s t s  

r - 2.2 - 2 .3  - 2 . 4  
Boost Coas t  S e p a r a t i o n  

Envi ronmenta l  f a c t o r s  

1 )  S t o r a g e  i n  packed (compressed) c o n d i t i o n  d u r i n g  m i s c e l l a n e o u s  

2 )  Launch a c c e l e r a t i o n  and v i b r a t i o n ;  
3 )  Heat  - s o l a r  r a d i a t i o n ,  enc losed  RTG; 
4 )  C o a s t  envi ronment  i n  e a r t h  o r b i t ;  
5) S e p a r a t i o n  a c c e l e r a t i o n ;  
6) Leakage of  a i r  from packed c o n d i t i o n  ( p r e s s u r e  change) ; 
7 )  Tempera tu re  change;  

f u n c t i o n a l  and envi ronmenta l  t e s t s  and t e r m i n a l  s t e r i l i z a t i o n ;  

4 

F i g u r e  3 8 .  - Launch F a c t o r s  

3 .2 
T o a s t i n g  
m a  neuver 

3.1 - 
O r i e n t a t i o n  

3 I n t e r p l a n e t a r y  c r u i s e  

3 .3  3.4 3 . 5  - N a v i g a t i o n -  separation - D e o r b i t  
maneuver ma ne uve r 

t 

Envi ronmen ta l  f a c t o r s  

Hard vacuum; 
C y c l i n g  t e m p e r a t u r e  - deep s p a c e  t o  s o l a r  r a d i a t i o n ;  
L i f e  6 t o  8 months - hard vacuum, pack ing  s t r e s s ;  
RTG r a d i a t i o n ;  
S o l a r  r a d i a t i o n ;  
Mic rometeo ro ids ;  
E t h y l e n e  o x i d e ;  
S e p a r a t i o n  a c c e l e r a t i o n s ;  
R e t r o  p r o p u l s i o n  exhaus t .  

F i g u r e  39 .  - I n t e r p l a n e t a r y  C r u i s e  F a c t o r s  
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El E n t e r  

4.2 
O r i e n t  a t  i o n  D e c e l e r a t i o n  

4 .1  - - 4.3 - 4.4 
Hea t  p u l s e  S p i n  r a t e  

Env i ronmen ta l  f a c t o r s  

1) D e c l e r a t i o n ;  
2)  Tempera tu re  change ;  
3) A c c e l e r a t i o n  due t o  s p i n ;  
4 )  Atmospher i c  r e p r e s s u r i z a t i o n .  

5 . 1  5 .2  5 . 3  5.4 
C a n i s t e r  - B a l l o o n  A e r o s h e l l  - B a l l o o n  c a n i s -  - 

r e l e a s e  t e r  deployment  open ing  deployment  

F i g u r e  4 0 ,  - E n t r y  F a c t o r s  

0 

5.5 5.6 5.7 

Environment  a 1 f a  c t o r s  

- Bal loon  - D e c e l e r a t i o n  
f i l l  

A c c e l e r a t i o n  a t  a e r o s h e l l  s e p a r a t i o n ;  
A c c e l e r a t i o n  a t  c a n i s t e r  dep loymen t ;  
A c c e l e r a t i o n  d u r i n g  b a l l o o n  deployment  and f i l l ;  
L o c a l  s t r e s s e s  as b a l l o o n  u n f o l d s  and f i l l s  ( b a l l o o n  c o l d ) ;  
L o c a l  s t r e s s e s  a s  b a l l o o n  f l u t t e r s  i n  a i r s t r e a m ;  
Impact  w i t h  i c e  c r y s t a l s  
S t r e s s  d u e  t o  wind s t r e a m s ;  
F i l l  gas  t e m p e r a t u r e  n e a r  c r y o g e n i c ;  
F i l l  gas  t e m p e r a t u r e  h i g h  ( g a s  g e n e r a t o r ) ;  
Over t e m p e r a t u r e  due  t o  u n d e r s h o o t  o f  e q u i l i b r i u m  a l t i t u d e ;  
C o m p a t i b i l i t y  w i t h  e x o t i c  Venus a tmosphe res ;  
Tempera ture  t r a n s i e n t s  due  t o  a l l  of above;  
O v e r p r e s s u r e  ( e x c e s s  s u p e r p r e s s u r e )  d u e  t o  o v e r s h o o t s ,  i m p e r f e c t  
f i l l  c o n t r o l ,  e t c .  

- R i s e  t o  e q u i l i b r i u m  
a1 t i t u d e  

F i g u r e  4 1 .  - Deployment F a c t o r s  
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6 .I  6 . 2  - 6 . 3  
Comple te  - I n f l a t i o n  - E q u i l i b r i u m  
i n f l a t i o n  t r a n s i e n t s  t r a n s i e n t s  

E n v i r o n m e n t a l  F a c t o r s  

- ' 

c y c l e  

- 
7 . 1  7 . 2  7 . 3  7 . 4  

Pump a tmos-  O b t a i n  p r e s -  'Descent -  Compress  
p h e r e  

S t r e s s  o f  u n f o l d i n g  and p r e s s u r i z i n g  c o l d ,  w r i n k l e d  f a b r i c ;  
O v e r p r e s s u r e  b e f o r e  t e m p e r a t u r e  s t a b i l i z e s ;  
E x c e s s  t e m p e r a t u r e  - due t o  unknown, t r a n s i e n t  e f f e c t s ;  
T e m p e r a t u r e  t r a n s i e n t s ;  
P r e s s u r e  t r a n s i e n t s ;  
Wind s t r e a m s  on unfo lded  d e v i c e ;  
M i c r o m e t e o r i t e s ;  
I c e  c r y s t a l s ;  
E x o t i c  Venus a tmosphere ;  
Hot o r  c o l d  makeup gas  i n t o  b a l l o o n ;  
S o l a r  r a d i a t i o n ;  
RTG r a d i a t i o n ;  
I n f l a t i o n  g a s  c o m p a t i b i l i t y  f o r  6 months (more t h a n  o n e  g a s ) ;  
Leakage  o v e r  6 months ;  
L o c a l  s tresses t o  s u p p o r t  p a y l o a d .  

7 . 5  7 . 6  
H e a t  flow'Wind s t r e a m  

F i g u r e  4 2 .  - E q u i l i b r i u m  M i s s i o n  F a c t o r s  

- 

R e l e a s e  1 g a s  7 * 1  h 
7 .a Reduce 

Makeup of  g a s  

7.8 
Drop b a l l a s t  

7 . 7  
I n c r e a s e  p r e s s u r e ,  -- 
d e n s i t y ,  t e m p e r a t u r e  

- 
7 . 8  

I n c r e a s e  h e a t  

7 .10  7 .ll - S e e k  e q u i l i b -  -Seek e q u i l i b -  
- 7 . 9  

R i se  
r i u m  a l t i t u d e  r i u m  t e m p e r a t u r e  

I) 

F i g u r e  4 3 .  - C y c l i c  M i s s i o n  F a c t o r s  
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F i g u r e  47.  - S t r e n g t h  t o  Weight R a t i o  v s  T e m p e r a t u r e  f o r  PBI F i b e r  
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F i g u r e  48.  - S t r e n g t h  t o  Weight  R a t i o  vs  T e m p e r a t u r e  f o r  T i t a n i u m  Wire 

Kapton o p e r a t i n g  r a n g e  

Po ly imide  f i b e r  o p e r a t i n g  r a n g e  
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F i g u r e  49.  - M i s s i o n  L i m i t s  Imposed b y  S e l e c t e d  Material Upper  D e n s i t y  Model 
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T i m e ,  sec 

F i g u r e  54.  - Deployment  P r o f i l e  o f  S t a t i o n  i n t o  T h e e  Model A t m o s p h e r e s  

T i m e ,  s e c  

F i g u r e  55 .  - T y p i c a l  Gas  W e i g h t  P r o f i l e  f o r  B a l l o o n  I n f l a t i o n  
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T ime ,  h r  

F i g u r e  58 .  - C y c l e  Time and Envi ronmen t  f o r  Mean Atmosphe 
2000- lb  S t a t i o n  C y c l e  be tween  57 and  10 km 
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T ime ,  h r  
F i g u r e  5 9 .  - C y c l e  Time f o r  2 0 0 0 - l b  S t a t i o n  I n  Mean 

Atmosphere  a t  E q u i l i b r i u m  A l t i t u d e  of 
57 k n ,  20:: Gas Dump and  Makeup 

T ime ,  h r  

F i g u r e  60. - P a y l o a d  Ambient  T e m p e r a t u r e  P r o f i l e  i n  Mean Atmosphere ,  20% Gas Dump and Makeup 
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F i g u r e  61. - Lower D e n s i t y  Atmosphere ,  2 0 0 0 - l b  S t a t i o n  Gas 
Duirmp a n d  I .hkeup,  o mb S u p e r p r e s s u r e  
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F i g u r e  68. - Heat C y c l i n g ,  Upper D e n s i t y  Atii iospilere,  2 0 0 0 - l b  
S t a t i o n ,  H e a t  I n p u t  of 100 B t u l s e c  Hydrogen Gas 

C y c l e  t i m e ,  h r  
FigL;re 61). - . \ l t ~ L u d e  i y c l i n g  i n  Mean A t -  

m o s p h e r e  w i t h  Heat  Method,  2000- lb  
S t a t i o n ,  Hel ium Gas ( 5 7  t o  1 0  km) a 

0 2 00 400 600 

Suspended w e i g h t  ( l e s s  c y c l e  s y s t e m ) ,  l b  

F i g u r e  70 .  - C y c l i c  Mode E f f i c i e n c i e s  

10 1000 



Pay load  

F i g u r e  71. - 200- lb  S t a t i o n  ( N o n c y c l i c )  

7 0  

Undeployed 

Subsystem Weight ,  l b  

P a r a c h u t e  106 

B a l l o o n  2 7 4  

I n f l a t i o n  850 

Pay load  7 7 0  

L 

Note :  Deployed w e i g h t  a t  
e q u i l i b r i u m  a l t i t u d e ,  

F i g u r e  7 2 .  - 2000-lb S t a t i o n  ( N o n c y c l i c )  
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Undeployed 

Subsys tem Weigh t ,  l b  

P a r a c h u t e  106 

B a l l o o n  26 1 

I n f l a t i o n  850 

C y c l e  23 6 

P a y l o a d  54 7 

e q u i l i b r i u m  a l t i t u d e ,  

F i g u r e  7 3 .  - 2000- lb  S t a t i o n  ( C y c l i c )  

Unde p 1 o ye d 11 
I P a r a c h u t e  I 375 

I n f l a t i o n  

P a r a c h u t e  

B a l l o o n  

I n f l a t i o n  94 0 

C y c l e  

P a y l o a d  

Note: Deployed w e i g h t  a t  
e q u i l i b r i u m  a l t i t u d e ,  
3725 l b .  

F i g u r e  7 4 .  - 5000- lb  S t a t i o n  ( C y c l i c )  
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